A McGraw-Hill Publication 
© © 75 Cents . 


JANUARY 1960 


ENGINEERING 


INSTRUMENTATION AND CONTROL SYSTEMS 





Control Enters a New Decade 


and Grows». and Grows 


ee & 
ae eS get ae 
ee 
Cate us | Pl, 
Didye 4 ee 
=~ ~ . z Ss 
q ~ 
ae 
{< Va 3 “en 
= ae ean S 
> gee 
hiner 
; *; 
“Wear j \ 
>, 
hee, F 
a P 
ay 
- ¥ .: 








To the moon and back and wherever missiles fly, Librascope com- 
puters deliver ready answers for in-flight control.... guidance, opti- 
mum trajectories, impact prediction, data reduction and analysis. 


Throughout flight....Librascope missile computers are uninterrupted by envi- 
ronmental extremes....and they will automatically and continuously check their 


own built-in accuracy. The compact size, minimum weight and 


performance of Librascope missile computers have earned them 


important roles in our conquest of space. For information on how 


Librascope’s advanced computer capabilities can answer your 


write Librascope, Inc., 808 Western Ave., Glendale, California. 


~> 1 A Division of General Precision, Inc. = 
PRECISION 


} on career opportunities, write Glen Seltzer, 
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particular needs, 
Librascope, Inc., 
For information 


Employment Mgr. 
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Photographed on location by Jack Beech. 


Guesstimation or Automation? 


While automation makes money for some manufacturers, 
others are still operating on intuition and “‘guesstimation.”’ 


The result? Many portland cement buyers are finding 
wide variations in quality—and many producers are 
noting wide variation in profits. 


There probably is no more economical: way to meet 
the requirements of your customers for high quality 
cement ... no better way to meet demands for bag-to- 
bag uniformity ...no faster way to modernize and com- 
pete in today’s market ... than with accurate and 


dependable measuring and control systems by Leeds and 
Northrup, the most experienced supplier of instrumenta- 
tion to the portland cement industry. 


Don’t depend on “guesstimates,”’ be sure. Let your 
L&N Field Engineer review your process and problem. 
Let him suggest from the wide range of L&N products, 
the right system to improve your product and process. 
Call him at your nearby L&N office or write 4918 Stenton 
Avenue, Phila. 44, Pa. Ask for our booklet, ‘Modern 
Practices in Rotary Kiln Instrumentation.” 
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Epsco-West engineers met tough require- 
ments for Bell Telephone Laboratories for 
a very accurate high speed data handling 
system. 

Through careful circuit design (and de- 
rating components) Epsco-West delivered 
0.015 percent accuracy for a 30-channel data 
system to be used in conjunction with the U.S. 
Army NIKE-ZEUS tests at the White Sands 
Missile Range in New Mexico. 

The system connects to an analog computer 
which accepts the electrical output of tracking 
radars. Accuracy of the computer is 100 parts 
per million. 

The Epsco-West system takes the information from the analog computer and records it on 
magnetic tape ready for direct analysis by a digital computer. 

Considering the accuracy of the analog computer, it can be seen why Bell Laboratories 
wanted the most accurate high-speed data handling system available. 





The job Epsco-West did for Bell Laboratories is by no means unique. 
Our know-how can meet your specs, too. Write for the free new 
Epsco brochure, “First in Data Control.” 


For ntrmaton on, neiearng employment op €ps co-WestN See, SAEED 
sion, contact H. Schwartz, Technical Placement 1 feo "Do's Cond ANAHEIM, CALIFORNIA 
Director. al PRospect 2-1000 
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Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic control systems 


101 Control Enters a New Decade 


—With High Hopes and Vexing Questions 


W. E. VANNAH of Conrrot ENGINEERING peers into the future and predicts that 
the control field will expand into a universe of automatic systems in the next decade. 


How Reliable are Relays? 

B. K. LEDGERWOOD of Controt Encinerrinc tells how to test for relay electrical 
reliability using special circuits developed by Allen-Bradley Co.’s research personnel. 
Comparing Integral and Incremental Process Control Computers 


E. L. BRAUN of Genesys Corp. considers such factors as computation speed, logical 
and mathematical capabilities, input-output needs, and reliability and maintainability. 


Protecting Liquid Rheostats 
I, J. GLADNICK of Allis-Chalmers Mfg. Co. points out the key variables that affect 
optimum liquid rheostat performance and shows how the system monitors these variables. 


Data File 33—Stabilization of Sampled Data Systems 
G. J]. THALER of U. S. Naval Postgraduate School determines stability of the basic 
sampled data loop and then adds a stabilizing cascaded filter not isolated by samples. 


Digital Computer Runs Hot Plate Mill 


C. W. BURDICK of Lukens Steel Co. describes transistorized control computer that 
automatically programs screwdown settings for Luken’s new 140-in. four-high plate mill. 


The Strange New Ball Motor 
E. R. LAITHWAITE of Manchester University (England) adjusts speed of unusual ac 
motor by varying the angle between the plane of the rotating field and the motor shaft. 


How to Select and Install Pneumatic Signal Transmission Links 
AMERICAN PETROLEUM INST. guides users in choice of tubing material, form, and 
fittings and of supporting, protecting, and routing methods for the best pneumatic link. 


Data Processing for Numerical Positioning Systems 
R. A. BENNETT of The Martin Co. explains how data processing can optimize posi 
tioning system work programs and standardize input procedure for several systems 


Skewed-Axis Gears for Low Backlash 


W. F. MacFARLAND of Spiroid reveals a new form of skewed-axis gearing with the 
advantages of liberal tolerances, backlash control, added capacity, and shock resistance. 





Simple Digital Servo Programs Process Controller Set-Points 
]. F. SHARP of Lindars uses tape programmed stepping switches as a digital servo. 


Reaction Controllers Maintain Attitude of Space Vehicles 
C. B. SUNG and B. TEITELBAUM of Bendix produce thrust proportional to de signal. 


Measuring Mega-Ampere Transient Currents 
C. D. NAIL of Univ. of Calif. measures changing magnetic field around the conductor. 


Reader-Computer-Plotter Link Saves Data Reduction Time 


Curve reader, small digital computer, and an X-Y plotter make an efficient combination. 


Continued on next pag 





What’s New in the Control Field 

Newsbreaks in Control 

Atlas to fly with inertial guidance; AF studies hot gas servos; spotting fuel in water. 
Deliver First Polaris Checkout Gear 

Computer checkout on the manufacturing floor is the first step in Polaris Acre program. 
Automatic Cargo Controls Sail with Freighters 

Shipboard cranes using new automatic controls are speeding cargo loading and unloading. 
Zeus Production Plans Derailed Again 

What's happening to the Army’s antimissile missile as U. S. nixes production plans. 
British Regulations Slow Use of Nuclear Controls 

Red tape makes applications trail theory, but there still are interesting prototypes. 


Optical Versus Magnetic Reading 


A small company tackles the big boys with optical equipment for mechanizing paperwork. 





Control Personality—C. STARK DRAPER 

Blazes a trail with new control devices in the aircraft, missile, and aerospace fields. 
Industry’s Pulse—Aircraft Industry Shudders 

B-70 cutback is second blow to control suppliers, and airlines aren’t picking up slack. 
Editorial—Control Still Expanding 

Intelligence processes and information control fall within grasp of control engineers. 
New Product Developments 

Liquid jet writing oscillograph; linear stepping motor; encoder retains last reading. 
Abstracts of Technical Papers 


Kazuto Togino translates a Japanese paper on four-coil-type differential transformers. 
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you are looking at the best 
UNIVERSAL COUNTER-TIMER 





Presenting the new CMC 226B 


a> 











ENGINEERED FOR THE USER 

CMC’s new universal counter-timer is human engineered 
to eliminate costly “cockpit trouble.” Take a look at the 
clean, functional lines. 

And inside, this tastefully styled instrument uses modular 
circuitry to simplify maintenance and cut weight. Nine tubes 
have been eliminated, lowering power drain and operating 
temperature and increasing reliability. Weight is only 40 Ibs. 


TECHNICALLY SPEAKING 

Direct reading, 0 to 1.2 mc. Time interval, 1 microsecond 
to 1 million seconds. Period, 0 microsecond to 1 million 
seconds. Stability of 2 parts in 10’, with an option of 5 
parts in 10%. Sensitivity 0.1 volt rms. 

Three input channels. Automatic decimal point indication. 
Reads directly in kilocycles, cycles, or microseconds. 
Three independent, continuously adjustable trigger level con- 
trols for full rated sensitivity at any voltage level between 


lof -[wjof afalol ~jofo 


JANUARY 1960 


and here’s the proof... 


Oscilloscope marker signal to speed start and stop trigger 
level adjustment for TIM of complex waveforms; trigger 
level adjustment for amplitude discrimination in frequency 
and period measurement. Drives the CMC fast printer and 
most other types of printers and data handling equipment. 


DO ALL THESE JOBS PRECISELY 

DO THEM EVERY TIME 

Measure frequency, time interval, period, phase shift, fre- 
quency ratio, rpm, flow, velocity, and many other basic 
physical quantities. 


NOW THE PRICE 
$1100 fob Sylmar, California. Rack mount $10 extra. 220 kc 
Model 225C with similar specifications, $840 fob Sylmar. 


WANT MORE DATA? 

Your nearby CMC engineering representative will be happy 
to arrange a demonstration and provide you with complete 
technical information. Or you may write Department 081. 


Computer-Measurements 
Company 4 Division of Pacific industries, inc. 
12970 Bradley Avenue «+ Sylmar, California 


Phone: EMpire 7-2161 
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2N393 
Micro-Alloy 
Transistors 
For Modern 
Computer 
Circuitry 


Sprague Electric Company offers 
high-speed, high-gain, 2N393 micro- 
alloy transistors to meet the demands 
of modern computer switching ap- 
plications in the megacycle range. 
Low saturation resistance, low hole 
storage, and exceptionally good life 
characteristics make these micro- 
alloy transistors top performers in 
computer circuits as well as in 
general high frequency applications. 


Made by electrochemical manu- | 


facturing techniques, Sprague 
Micro-Alloy Transistors are uni- 
formly reliable and very reasonably 
priced. 

Sprague micro-alloy transistors 
are fully licensed under Philco pat- 
ents. All Sprague and Philco transis- 
tors having the same type numbers 
are fully interchangeable. 

For complete engineering data 
sheets on the types in which you are 
interested, write Technical Litera- 
ture Section, Sprague Electric 
Company, 407 Marshall Street, 
North Adams, Massachusetts. 
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SHOPTALK 


Template reprinted by popular demand 


In November’s “Shoptalk” we asked how many readers 
would be interested in a reproduction on clear acetate of the 
template featured in that issue’s “Data File” (“A Template 
for Designing Servo Compensators”, p. 139). It didn’t take 
long to find out. Response has been enthusiastic, and we've 
already gone to press, so that if you ordered one you should 
be getting it shortly if you haven't already. If you missed the 
first chance, but would like to receive this handy design tool, 
notice that it’s been added to our reprint list (p. 175): 
transparent decibel vs phase angle template plus reprint of 
article for 75 cents. 


Strange new components 


Anyone who thinks there’s no more room for inventiveness 
and imagination in the control field ought to sit where CtE:’s 
editors do for awhile. Not a month goes by but what someone 
contacts us to show off his unusual gadget. Many times 
“uniqueness” is their only outstanding characteristic, but 
there are always those few that show real potential (like “The 
Electrochemical Relay—A Remarkable New Switching 
Form”, CtE, July ’59, p. 121 and“The Strange New Ball 
Motor”, p. 131 in this issue). The job of ferreting out these 
winners to present them to CtE’s readers is one of the high- 
lights of our editors’ lives. 


Control teacher writes and researches 


A prolific writer, George J. Thaler 
has already contributed more than his 
share to the literature of the control 
field, and this is only the beginning. 
Starting with Servomechanism Analysis 
(with Bob Brown of Notre Dame Uni- 
versity, recently revised and to be re- 
published under the name Analysis and 
Design of Feedback Control Systems) , 
George is continuing with a nearly 
finished book on nonlinear control systems and has projected 
and partially written five more books: two on transients, one 
on the control aspects of electrical machinery, one on ad- 
vanced linear servo theory, and one on sampled data systems. 
All this in addition to many technical papers and two CtE 
“Data Files” (the latest one “Analysis and Stabilization of 
Sampled Data Systems” on p. 123). A teacher at heart, 
George has taught control since he received his PhD in EE 
from Johns Hopkins in 1947. Now a full professor of EE at 
U. S. Naval Postgraduate School, he developed many servo 
courses and the servomechanism lab. On top of the writing 
load, he still finds time to carry on his own research and to 
play tennis three times a week in that fine Monterey weather. 
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“INDUSTRY STANDARD MOUNTING DETAILS” 


~ 


‘ For critical applications where outstanding 
performance must be achieved with a 
minimum of weight, Moog offers the Series 30 
Servovalve. These valves utilize.the proven 
first stage of the standard Series 31 and 32 
Moog valves, and are now available 
with rated flows to 7 cis at 1000 psi valve drop. 


& 


WRITE FOR PRODUCT. BULLETIN 173 





MOOG SERVOCONTROLS, INC. 


PRONER AIRPORT, EAST AURORA, NEW YORK 
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Your best combination of 
lcpo-Res-V- PLUS HIGH BETA 


... 11 germanium power transistors! 
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* HEAT SINK © 


ACTUAL SIZE 


Ti GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT 25°C 
ax ax 


Dissipation Collector Collector 
Current 


_ 20-w power transistors: 
Switching circuits © relay drivers 


audio and pulse ampiifiers 


Ti 2N1042 series alloy-junction transistors 
guarantee 20 w dissipation at 25°C with voltage 
ratings of —40, —60, —80, and —100 v. You get 
guaranteed 20-to-60 beta spread at —3 amps 
and low 0.16 ohm saturation resistance at the 
—3 amp maximum collector rating. 


Type 


TYPICAL SOLENOID RELAY DRIVER 
\, 
tw — + 1ma 


R, = 48 ohms MIN 
1, = 1a MAX 


' R 
@aniosg 0 


1N538 
*Diode D; is used to clip reverse 
voltage swing across solenoid 
when transistor is turned off. 


O+6v 














ACTUAL SIZE 


1.25-w power transistors: 
medium speed switching circuits © relay drivers © 
low-power audio and pulse amplifiers 


Ti 2N1038 series alloy-junction transistors 
guarantee 1.25 w dissipation in moving free 
air at 25°C with voltage ratings of —40, —60, 
—80, and —100 v. Guaranteed 20-to-60 beta 
spread at —1 amp and low 0.2 ohm saturation 
resistance assure reliable performance. 


Collector Typical 
Reverse Current Saturation Resistance 
Ico Res 
max Ohms 
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2N1038 
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2N1039 
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2N1041 





—125ua @ —50v 





2N1042 


—125ua @ —20v 





2N1043 


—125ya @ —30v 





2N1044 
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2N1045 
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germanium and silicon transistors 
silicon diodes and rectifiers 
fenTheap solid tantalum capacitors 
precision carbon film resistors 


sensislor silicon resistors 
‘ 





DC-TO-DC POWER CONVERTER 630-WATT OUTPUT AT 90% EFFICIENCY 


Ls may be wound according to the output 
voltage desired, allowing about 0.639 turns per 
volt. The wire size should be large enough to 
































Li, Le—4 turns each +16 
Q). Q2—2N514B 80 volt 25 amp each mounted 
on a min of 200 sq. in. of 4%” aluminum to be 











1—1N1124 mounted on a min of | sq. in. of 
exposed 1 16” aluminum. @peration to 50°C 
Frequency about | kc 
Core-type 50022-2A Magnetics, Inc. 





ACTUAL SIZE 


10 to 25-amp switchers: 
high current switching applications 


Ti 2N511 series alloy-junction transistors guarantee collector 
currents of —10, —15, —20, and —25 amps in —40, —60 and 
—80 v ratings. All units provide low 0.025 ohm saturation resist- 
ance and typical switching times at 25°C of 12.5 gesecs (ton) 
and 8.0 gusecs (toss). 











NOTES: No and N3—88 TURNS #18 
Ni and Nq—12 TURNS #22 
Ns - No(Vsec) 


CORE 2 

Toroidal ribbon wound core with maximum flux 
density = 14.8 kilogauss at a cross-sectional area 
of 1.37 sq. cm 











high beta power amplifiers: 


audio amplifiers ¢ 
current switchers © power converters 


Ti 2N456 series alloy-junction transistors with guaranteed 
50-w dissipation, —40, —60, and —80 BVe¢go ratings and 
less than 0.048 ohm saturation resistance provide optimum 
performance characteristics. 





TYPICAL SWITCHING TIMES 
Delay Time 0.3 psec 


TEST CURRENTS 


1g) (Turn-on Current) = — 30mA 
Rise Time 0.7 psec 
Storage Time 1.2 psec 1g2 (Turn-off Current) = + 30ma 


Foll Time 0.5 psec 1¢ (Collector Current) = — 1A 


ACTUAL SIZE 


high power /high frequency 
switchers: 


computer core drivers © deflection circuits 
e light weight converter applications 


TI 2N1046 alloy diffused transistors combine high power, high 
frequency and high voltage performance in a single package. 
Guaranteed 35-w dissipation, collector breakdown voltage to 
—80 v, and low 0.75 ohm saturation resistance with 12 me 
typical alpha cutoff insure reliable operating characteristics. 


TYPICAL 20 WATT AMPLIFIER POWER GAIN = 23 db 


transistor |“ | ® enciency | “STONE 


























a 
2N1021 80 | 3 66% 2% 
50 66% 2% 








Transformer: Ny (N2°N3 = bla 
2N1022° To Minimize Cross-Over Distortion the Coils 
R, Should be Bifilar Wound 























ACTUAL SIZE 


high voltage power converters: 


audio © servo @ 
power applications 


Ti 2N1021 and 2N1022 alloy-junction transistors guarantee 
maximum operating voltages of —100 v and —120 v respec- 
tively, low 0.08 ohm saturation resistance, and typical betas of 
60 at —1 amp, 23 at —5 amps. You get guaranteed collector 
reserve current of —2 ma maximum at full rated voltage. 


Check the specifications at left for the unit most suited to your particular requirements. 


INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 - DALLAS. TEXAS 


Write on your company letterhead fo your 
nearest T/ sales office describing your 
application for specific details on Tl products. 


CIRCLE 9 ON READER SERVICE CARD 





FROM 
SERVONIC... 


A complete line of 
Transducers for 
Rugged Applications 


Nu ee a Phy ae 


ie Model H—High Pressure 


Transducers: For highly accurate 
measurement of pressure in corrosive 
fluids while exposed to extreme en- 
vironments, Sealed, oil-filled cases 
available in most models. 400 to 





8,000 psi. Vibrations to 30g. Various | 
case configurations readily available. | 
Write for Bulletin S1-581. 


Model H-90 


Model G-76 


Model L-44 


f7) 


CSS Mode! G—Rectilinear 


Potentiometers: For measuring dis- 
placement of missile and aircraft. 
actuators. Can be mounted internally 
or externaily. Vibration levels to 35g. 
Ranges from 1/8” to 12”. Critical 
elements of this high performance 
potentiometer are humidity sealed 
within a high-strength alloy case. 


—_ Model | —Low Pressure 


Transducers: Rugged, high response 
instrument. Pressure actuated, corro- 
sion resistant aneroid elements oper- 
ate precision potentiometer. Switching 
function can be accomplished in lieu 
of potentiometer output. Working 
fluids excluded from sealed oil-filled 
cas... Send for Bulletin $1-582. 
Special designs to 
your specifications. 


SSERVONIC 
INSTRUMENTS, INC. 
640 Terminal Way, Costa Mesa, California 
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FEEDBACK 


READERS’ CON' TROL WORKSHOP 


A reader in England suggests a 
cheaper way to simulate stiction 
than C. L. Dunsmore’s (“Computer 
Analogs for Common Linearities”, 
Oct. 59, pp. 109-111). We'd like to 
hear from anyone who builds the 
new circuit. Ed. 


To THE Eprror— 

I should like to take up a small 
point with Mr. C. L. Dunsmore, au- 
thor of “Computer Analogs for Com- 
mon Nonlinearities’ in the October 
”59 issue. May I suggest an alternative 
to his Figure 10, Stiction (Breakaway 
I’riction ) Analog. on page Ill. In 
that diagram, f (x) apparently repre 
sents the required force function to 
represent stiction, which will surely 
be fed back into the integrator; thus 
to produce a single input ¥ to the in- 
tegrator, a summing amplifier must 
precede it. This condition is suggested 
by the sign of f (x) which is generated. 
If this is so, then in many instances a 
further sign reversing amplifier will 


— (Applied force) 








STICTION 


Pongne 


be required as well. An equipment 
hog indeed! 

| have produced a simple simula- 
tion of stiction which may be of in- 
terest. See my figure. It does not 
perform identically to Mr. Dunsmore’s 
in the instance where velocity ap- 
proaches very close to zero and subse- 
quently increases in its original direc- 
tion. The distinction is academic in 
view of the present state of knowledge 
about actual friction as velocity de- 


% creases toward zero. Performance has 


been convincing and has produced 
results which, making due allowance 
for uncertainty of physical constants, 
properly represent mechanical condi- 
tions. 

The operation of the circuit should 
be fairly easily understood from my 
figure, once it is pointed out that tl 
three four-diode bridges are used as 
low resistance current limiters. One of 
these is used solely to prevent ampli- 
fier overloading 

R. S. Taunton 
The Staveley Research Dept. 
Bedford. England 


STICTION ANALOG 
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an improved 


MICKERS. 


SERVO VALVE 





..- yet priced 
20% below 


previous modeis 


Available in models for flows to 37 gpm 
and suitable for operation at pressures to 
3000 psi with a choice of mountings. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Machinery Hydraulics Division i 
ADMINISTRATIVE and ENGINEERING CENTER 


Department 1606 . Detroit 32, Michigan 





Application Engineering Offices: ATLANTA ¢ CHICAGO AREA (Bensenville)* 
CINCINNATI e CLEVELAND e DETROIT* e GRAND RAPIDS e HOUSTON 
INDIANAPOLIS e LOS ANGELES ae (El Segundo) « MILWAUKEE 
NEW YORK AREA (Springfield, N.J.)* pear AREA (Media) 
PITTSBURGH AREA (Mt. Lehanon) « ROC e SAN 
FRANCISCO AREA (Berkeley) * SEATTLE © ST. Louis * WORCESTER 
Factories also in: Australia, England, Japan and Germany 
In Canada: Vickers-Sperry of Canada, Ltd., Toronto,* Montreal and Vancouver 


Field Service Headquorters Underlined. Whse. Stock & Repair Bronches*. 





FOR PRECISE CONTROL OF OIL FLOW 
IN INDUSTRIAL, MILITARY AND MARINE 
HYDRAULIC SYSTEMS WHERE HIGH 
RESPONSE, ACCURACY, SIMPLICITY, RUGGED- 
NESS AND DEPENDABILITY ARE ESSENTIAL 


Input signal to this improved Vickers electro-hydraulic servo 
valve can originate from a simple calibrated potentiometer or 
a sophisticated magnetic or punched tape reader system— 
yet the result is always extremely precise hydraulic flow 
proportional to the electrical command. This valve can be 
applied to a broad array of machine tools, process equipment 
and ordnance applications and is compatible with the wide 
range of command input methods commercially available. 


There are only four moving parts in the two-stage, spool 
assembly of the Vickers servo valves, thus providing a simple, 
contaminont tolerant, exceptionally reliable operation. Get 
details by writing for Bulletin 59-74. 


HYDRAULI( 


AMPLIFIER AND 
m@hisa. 


VALVE AND 
SUPPLY 


"ELECTRICAL » ie 
FEEDBACK % 


WHAT VICKERS’ “BUILDING BLOCK”’ 
CONCEPT MEANS TO YOU 


These pre-engineered electro-hydraulic servo systems offer 
positional accuracies of +.0015-inch; and down to+.0005-inch 
using the same standard components but with additional “trim.” 
Your cost for Vickers “Building Block” systems is far below that 
normally associated with this degree of accuracy and response. 
These systems are specifically designed for heavy duty, 
industrial use. 


Plug-in elements make trouble shooting and maintenance 
easy. Vickers’ worldwide service organization insures un- 
matched backup for your personnel when required. 


Why not contact the Vickers office near you today for 
more facts? 


TYPICAL APPLICATIONS 


Controlling velocity in processing applications * controlling 
position of machine tool slides and tables * programmed 
control of work handling and machine sequencing. 


8479 
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AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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FEEDBACK 


Here’s how to find a ship all at sea. 


To tHe Eprror— 

In the “What’s New” section of 
the October 59 issue you carried a 
very interesting article on transmis- 
sion of missile test data along the At- 
lantic Missile Range. We noticed one 
point, however, in which either Mr. 
Dederer or your editors erred. This 
error concerned the positioning of 
ships along the range. Your article 
stated that ship positions will be de- 
termined by the Loran system, whereas 
the system to be used is Lorac. 

The difference in the two systems 
is more than just the name. While 
Loran has sufficient accuracy for ship 
navigation, it falls far short of the 
requirements for pinpoint positioning 
as required on the missile range. 
Lorac, on the other hand, provides 
positioning information on the order 
of 50 feet in 50 miles. 

Stanley W. Wilcox 
Seiscor Manufacturing Co. 
Tulsa, Okla. 

Positioning information for the USS 
Observation Island, test vessel for the 
Polaris Missile Project, is being pro- 
vided by the Lorac radio-positioning 
system. The Polaris project is the 
latest application of the pinpoint po- 
sitioning system developed and manu- 
factured by Seiscor, a division of Seis- 
mograph Service Corporation, Tulsa, 
Okla. The system is used to provide 
instantaneous position information for 
the test vehicle during countdown so 
the highly critical tracking radar can 
pick up the missile as soon as it ap- 
pears on the horizon.—Ed. 


Wants magnetic inks and readers. 


To tae Eprror— 

A request for a little assistance. If 
available, could we have a reprint 
(or tear copy) of “How to Reduce 
Interaction Between Control Loops” 
by J. E. Valstar, June ’59 issue? 

Second, we noted the article on 
check processing in the July ’58 issue. 
We would like to get as much data 
on this subject as possible—inks and 
who makes them, readers and their 
characteristics, cost. 

W. F. Davis 
Consultants 
Hightstown, N. J. 


Valstar reprint on the way. For full 
information on inks and equipment 
used in check processing, check with 
the authors. You might begin with 
K. R. Eldridge, Stanford Research In- 
stitute, Menlo Park, Calif. Ed. 
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Here is a new tape reader set from 
Teletype Corporation—the Model 28 
miniaturized LXD. It features a 40%, re- 
duction in size and weight. This new 
space-saver set is completely compatible 
with other Teletype communications 
equipment. It features facilities for se- 
quential (serial) transmission, with op- 
tional contacts available for multi-wire 


output, and it is designed to read either 


chadless or fully perforated tape. 

The Model 28 miniaturized LXD 
tape reader is made, as is all Teletype 
equipment, for round-the-clock, day-in, 
day-out service with minimum mainte- 
nance. The unit is equipped with an all- 
metal clutch that requires lubrication 
only once or twice a year, and operates 
with precision accuracy for continuous 


or intermittent transmission. 


N ew Brochure A 4-page brochure on the new Teletype miniatur- 
ized LXD tape reader is available upon request. Write to Teletype 
Corporation, Cept. 26A, 4100 Fullerton Ave., Chicago 39, III. 





Specifications 
Speed:. .100 WPM (gears available for slower speeds) 





1.5%” H, 7%.” W, 9%” D. 
Approx. 15 Ibs. net 

.. «Synchronous, 115 V., 60 Cy. 
Gray-green or custom 
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TELETYPE 


CORPORATION 


sussipiary or Western Electric Company we. 
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KELLEMS HARD 
GRIP ANODIC 
STRAIN RELIEF FINISH 


Why it pays you to specify 


DOUBLE 


THREAD 


WATERPROOFING 
CABLE 
ACCESSQRY 


BENDIX QWL ELECTRICAL CONNECTORS 
FOR USE WITH MULTI-CONDUCTOR CABLE 


Used extensively on ground launching equipment for 
missiles and on ground radar, and other equipment, the 
Bendix* QWL Electrical Connector meets the highest 
standards of design and performance. 

A heavy-duty waterproof power and control con- 
nector, the QWL Series provides outstanding features: 


@ The strength of machined bar stock aluminum with 
shock resistance and pressurization of resilient inserts. 


@ The fast mating and disconnecting of a modified 
double stub thread. 


@ The resistance to loosening under vibration provided 
by special tapered cross-section thread design. (Easily 
hand cleaned when contaminated with mud or sand.) 
® The outstanding resistance to corrosion and abrasion 


of an aluminum surface with the case hardening effect 
of Alumilite 225 anodic finish. 


@ The firm anchoring of cable and effective water- 
proofing provided by the cable-compressing gland used 


within the cable accessory. 


® The watertight connector assembly assured by neo- 
prene sealing gaskets. 


® The additional cable locking produced by a cable 
accessory designed to accommodate a Kellems stainless 
steel wire strain relief grip. 


®@ Prevention of inadvertent loosening insured by a left- 
hand accessory thread. 


@ The high current capacity and low voltage drop of 
high-grade copper alloy contacts. Contact sizes 16 and 
12 are closed entry design. 

These are a few of the reasons it will pay you to 
specify the Bendix QWL electrical connector for the job 
that requires exceptional performance over long periods 
of time. 


Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. 
Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 
Factory Branch Offices: Burbank, Calif.; Orlando, Florida; Chicago, Ill.; Teaneck, New 
Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C, 


*TRADEMARK 


Scintilla Division Ry.4e% 


SIDNEY, NEW YORK 
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Charles Stark Draper started flying in a Jenny in 
1918 right after he graduated from high school. Last 
year, he supervised the preparation of a proposal for 
an interplanetary probe that would reconnoiter the 
planet Mars. In the 41 years between these two 
events, Draper has been blazing a trail with new de- 
vices for measurement and control in the aircraft, 
missile, and aerospace industries. 

The MIT Instrumentation Laboratory, which he 
heads, is a direct outgrowth of his own research at 
MIT. Draper describes his entry into the field of 
measurement and control simply: “I was pushed into 
it.” As a researcher interested in a number of auto 
and aircraft engine problems, Draper found no in- 
strumentation hardware suitable for the measures- 
ments he wanted to make. When he devised and 
built his own, he founc that the instruments he pro- 
duced created more excitement than any other part 
of the research. Just such a situation led to Draper’s 
development of significant devices like engine an- 
alyzers, inertial guidance, and optimalizing controls. 

“Doc” Draper, (everybody from secretaries to 
senior scientists at the Instrumentation Laboratory 
calls him “Doc”) started his academic life at the 
University of Missouri, later transferred to Stan- 
ford University, earned a B.A. degree majoring in 
psychology under Dr. Frank Angell. Because Angell 
was an experimental psychologist, he stressed meas- 
urement of body variables, but the instruments were 
so bad that Draper decided to try to do something 
about it. He transferred to MIT, enrolled in the 
Electrochemical Engineering Department—the clos- 
est thing to biochemistry that MIT offered—and 
earned a B.S. degree in 1926. He switched to areonau- 
tical engineering for his master’s degree in 1928, and 
physics for his ScD degree in 1938. 

Since he matriculated there in 1922, Doc Draper 
has been a part of MIT. After his graduation in 
1928, he started as a research associate; he was ap- 
pointed an assistant professor in 1935, an associate 
professor in 1938, a professor in 1939, and head of 
the Aeronautical (and Astronautics as of 1957) Engi- 
neering Department in 1951. He was made Director 
of the Instrumentation Laboratory when it was ofh- 
cially set up in 1943. , 

Draper’s first research job in 1926 was with infra- 
red. He developed signaling devices for the Navy, 
but the project was dropped because the Navy could 
see no use for such devices at the time. 
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A CONTROL PERSONALITY 


C. Stark Draper 


blazed a trail in aerospace 


In 1930, interested in a problem of automobile 
power plants, Draper started an experiment to learn 
more about combustion. For the next five or six 
years he spent most of his time studying this prob- 
lem: he evolved a mathematical theory, a physical 
theory, and the instruments to measure them. The 
final report entitled “Physical Processes Accompany- 
ing Detonation in Internal Combustion Engines” 
served as Draper’s doctoral dissertation. But more 
important, the instruments developed during this 
study led to the engine analyzers currently used in 
air transport to locate trouble in internal combustion 
engines. 

With his interest in combustion theory sated, 
Draper turned to another theory problem in physics. 
He wanted to apply physics to solve a problem that 
interested him as an amateur pilot: how to fly with- 
out radiation contact with the ground or stars. In 
the 30’s there was no requirement for such a system. 
But when people became interested in flying over 
unfriendly territory during World War II, the project 
was rekindled. While he developed fire pad | flight 
control systems for military aircraft at the Confi- 
dential Instrument Laboratory (set up in 1940 by 
MIT with Draper as the first employee), he con- 
tinued to work the problem of self contained navi- 
gation. After World War II ended, Draper’s labora- 
tory developed the concept of floating gyroscopes 
and built the first units (CHE, Oct. ’59, p. 85). In 








FROM START OF LOGICAL DESIGN 
TO COMPLETED SYSTEM IN MONTHS 
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TYPICAL PROBLEM: With T-PACs you go 

directly from your logical 

design to system wiring. 


Wiring is rapid, 
. reliable, and permanent; yet,is 
OPTIMUM SOLUTION: easy to modify at any time. 
System debugging is routine, 
thanks to standard logical 
elements and 
standard waveforms. 


COMPUTER CONTROL Co., 
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C. S. Draper 


. . » headlines in aerospace 


corporated in a new approach to navi- 
gation, Draper’s first inertial naviga- 
tion system directed an automatically 
controlled B-29 and C-97 nonstop 
coast-to-coast, hitting the ships’ des- 
tinations with good accuracy. 

When the ballistic missile entered 
the weapons stage, inertial guidance 
became the key to accurate shooting. 
Today, the Thor IRBM and Atlas and 
Titan ICBM’s use systems based on 
Draper’s pioneering work. And the In- 
strumentation Laboratory is now ac- 
tively engaged in designing an inertial 
system for the Navy’s Polaris IRBM. 

With the major problems of in- 
ertial guidance attacked in 1950, Doc 
Draper's avid curiosity turned to still 
another problem. One day while 
watching a test of an aircraft engine 
in the laboratory, Draper observed how 
the engineer tediously ran the test, 
repeatedly changed fuel requirements, 
read the weight beam on the torque 
test, and then calculated fuel con- 
sumption with a sliderule. ‘Trying to 
simplify this job led Draper to stimu- 
late the development of “‘optimalizing 
controls” which were applied not only 
to the test arrangement but to actual 
aircraft to improve the fuel consump- 
tion of jet aircraft. His “Principles of 
Optimalizing Control Systems and an 
Application to the Internal Combus- 
tion Engine”, written with Y. T. Lie, 
is now considered the basic paper in 
the new field of adaptive control (con- 
trols that can change their characteris- 
tics with a change in environment). 

Draper’s other researches, too nu- 
merous to mention, span the field of 
aircraft instrumentation. ‘They include 
engine indicators (1933), measurement 
of vibration (1936), sonic altimeter 
(1937), and strain gages (1949). In 
addition, since 1950, Draper (with W. 
McKay and S. Lees) has authored an 
authoritative series of books, Instru- 
ment Engineering. Draper and his co- 
authors are currently straining to pro- 
duce the fourth volume. 

Both the Navy and the Air Force 
have presented Doc Draper with 
Merit awards for his technical accom- 
plishments, just two of many that 
cover an entire wall in his office. But 
probably the greatest tribute to Drap- 
er’s work in measurement and control 
is the Instrumentation Laboratory it- 
self. Started with Doc Draper’s own 
research, the Laboratory today em- 
ploys over 800 fulltime engineers, 
scientists and support people, will per- 
form over $16 million worth of re- 
search in 1960—continuing the trail 
blazing of Charles Stark Draper. 
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WILL GIVE US 

, 300 MILLION \ 

4 _ OPERATIONS, JOE” 
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HERE’S WHY P«2B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over iong life 


7 Heavy Duty Frame 
Armature Pin Bearing shows - - s maintains dimensional 
only .0005” increase in clearance Phew ee stability, adds to 
after 300 million operations. m reiay’s sensitivity. 


Husky Armature Arm 
prevents sagging 


or bending. BS SERIES TELEPHONE TYPE 


Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 
of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 


viding optimum bearing surface. This pin, operat- 


ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near- 
est P&B sales engineer will be happy to discuss your 
relay problems. Call him today. 


GENERAL: 


—* 


BS SERIES ENGINEERING DATA | 


Breakdown Voltage: 1000 volts rms 60 cy. min Load: 4 amps at 115 volts, 60 cycle resistive 
between ail elements. Pressure: 15 grams minimum 


Ambient T: ature: —55° to +-85° C cous 
+125° C available on special order 


Weight: 9 to 16 ozs. kesistance: 100,000 ohms maximum 


Terminals: Pierced solder lugs; 


Current: 10 amps maximum 


: i Power: DC—50 Milliwatts per movable arm. ' 
nahn twos, AWG wires Greater sensitivity on special order. 
Enclesures: Dust covered or sealed AC—17.9 volt-amps. 
CONTACTS: Duty: Continuous 
Arr: : DC—up to 28 springs Treatment: Centrifugal impregnation 


AC—up to 24 sprin 


Voltages: DC—wup to 300 volts with series 


s 

Material: 4," dia. twin eaiedien. resistor. AC—up to 250 volts, 60 cy. 
Up to 4" dia. single silver. MOUNTING: Two 48-32 tapped holes 4%" o.c. 
Other materials on special order. Other mountings on special order. 


— 


a 


> - 


GS SERIES—Excelient sensi- LS SERIES— Medium coil relay 
tivity: 50 mw per movable arm with short springs and light 
minimum (DC). For applica- weight armature for fast 
tions requiring many switch- action, reliability and long life 
ing elements in small space. 


TS SERIES—Short coil relay is 
available in AC and DC versions. 
Long life construction. Can be 
supplied (DC) with up to 20 
springs (10 per stack). 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





64 channels 
in 60" 


On these two pages eight fully tran- 
sistorized Model 860-1500P Pream- 
plifiers appear actual size —each 
measures approximately 2” x 7” x 
1414”. In racks of eight, 64 pream- 
plifiers take only 56” of panel space, 
and a blower unit another 4”. Neces- 
sary power and chopper excitation 
is provided by a completely transis- 
torized Model 868-500P Power 
Supply that mounts at the rear of 
each 8-preamplifier unit, so that no 
additional panel space is required. 


unusual capabilities and stability 


INPUT CHARACTERISTICS 

input circuit guarded, floating, isolated from 
output, can be grounded. Input impedance 
200,000 ohms min. (Preamplifier also available 
at extra cost with 4-step attenuator with gains 
of 10, 20, 50 and 100 and smooth gain con- 
trol to reach any intermediate setting.) 


BANDWIDTH 
DC to 70 cps (—3 db). 


RISE TIME 
25 ms to 99.9% of steady state value. 


OUTPUT CHARACTERISTICS 

Floating, independent of input, can be 

grounded. 

Capabilities: +1 v across 300 ohms, DC to 
70 cps 


*+1.5 v across 300 ohms, DC to 
40 cps 


Output impedance 100 ohms. Outputis across 
300 ohm internal load, shunted by internal 4 
mfd capacitance. Part or all of this resistance 
and capacitance can be supplied externally, 
in any combination to suit your application. 


LINEARITY 
+0.1% of full scale output (2 volts) 


GAIN 

100 (10 mv input for 1 volt output). Preampli- 
fier with gain of 1000(1 mv input for1 volt 
output) also available on special order. Gain 
stability =0.1% for min. of 24 hours, 


INPHASE REJECTION RATIO 
120 db at 60 cps, 160 db at DC, with 5000 ohms 
unbalance in source. 


INPHASE TOLERANCE 
250 VDC, 220 VAC 


NOISE 

2 uv peak-to-peak referred to input (measured 
over DC to 100 cps). Noise plus ripple for full 
scale signal not to exceed +0.1% of signal 
(measured wide band-ripple is 880 cps). 


DRIFT 

*2 uv referred to input, at constant ambient 
temperature, after 30 minutes’ warm-up. Input 
drift temperature coefficient =0.2 uv/°C, max. 


OVERLOAD RECOVERY 

Preamplifier recovers from fully blocked con- 
dition within 20 milliseconds after removal of 
signal. 10 volts of signal at input will not dam- 
age preamplifier. 


POWER REQUIREMENTS 

Each Preamplifier requires 2.5 watts; Model 
868-500P Power Supply handles up to eight 
Preamplifiers. 


New Data Preamplifier ..... 860 
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$462.50 
per channel, complete 


Each Model 860-1500P Preamplifier cosis 
$400, each Power Supply for every eight Pre- 
amplifiers, $500. Consider the substantial 
savings over equipment with comparable 
specifications — when economy “per chan- 
nel" is multiplied by the number of channels 
you're using. (All prices are F.O. B. Waltham, 
Mass., within continental U, S. A.) 
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What distinguishes this data preamplifier 
from others is not its specifications alone— 
but the combination of this performance with 
high reliability, practical cost and small size. 
Together, they make the Sanborn 

Model 860-1500P the logical choice for 

data processing systems in which tens or 
hundreds of channels of information 

must be handled. 


Completely transistorized, the 860-1500P is 
designed for amplifying low level inputs such as 
thermocouple, strain gage and resistance 
bridge outputs. Typical outputs include digital 
voltmeters, tape recorders, scopes and 

other readout devices. 


Complete engineering data and application 
assistance is available from Sanborn Company. 
Contact your nearest Sanborn Industrial 
Sales-Engineering Representative, or write 


the main office in Waltham, Mass. 
COMPANY 


VEew 
INDUSTRIAL DIVISION 


175 Wyman St., Waltham 54, Mass. 
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Clare printed circuit relays, 


custom built to your design, 
offer sensational savings 
In space, weight, and cost 
for modern data processing 
and other high speed 


Switching devices | 





~ Relay mounted on your circuit board 


This outstanding relay assembly permits single or 
multiple installation of CLARE mercury-wetted con- 
tact relays in the small space of a printed circuit 
board. It plugs into a console in the same manner 
as the logic circuit it serves. ScARm mercury-wetted eanbntt 
It brings to designers of data processing and data evenly ey Beg eo 
logging equipment all the proved advantages of phere. Life expectancy over a 
: billion operations. 

CLARE mercury-wetted contact relays in the small- 

est possible space. Individual switch capsules and 
coils are affixed to the printed circuit board and 
sealed from dust, moisture and tampering by “Skin- 
Pack,” a tough vinyl coating. 








Let us show you how we would adapt your board to 
include either the standard HG relay or the ultra- Each capsule is sur- 
high speed HGs...as well as other selected com- rounded by individual 
coil which is custom- 
ponents. wound to suit the oper- 
ating characteristics of 
the customer’s applica- 
( : a fermen —wvensconres tion. For full informa- 











tion on CLARE HG print- 


——— A ; ed-circuit relays send for 
=/ Bulletin CPC-4 


Send us your 
printed circuit board 


Discover how you can save 
time, space and money... 
enhance the performance of 
your high-speed equipment... 
with CLARE printed circuit 
relays. Contact your nearby 
CLARE Representative, or 
address: C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, 
Illinois. In Canada: C. P. Clare 
Canada Ltd., P. O. Box 134, 
Downsview, Ontario. 


CLARE RELAYS 


FIRST in the industrial field 

















C, P. CLARE & CO. 






































Typical assembly 





























INSTANT 


INDIVIDUALLY... 


COMPONENTS... 


For the first time, here is a component pro- 
gramming device in which the number of 
inter-chassis connection points is directly 
related to the chassis area. Without 
wrenches, soldering irons, or other equip- 
ment—you can instantly replace your 
mounted components, singly or by the hun- 
dreds with AMP’s all new “816” Pluggable 
Chassis. These units can be stacked like 
books on a shelf to save you space and 
weight and you save also on the number of 
units and intercircuit connections you use 
compared to other techniques. 


CHECK THESE IMPORTANT FEATURES: 


Contact Pins—crimp-type, with positive detent and firm com- 
ponent-lead support against shock and vibration. Other type 
contact pins can be accommodated. 


AMP’s Exclusive Contact Wiping Action—just slide the chassis 
into the frame, rotate locking handles and contact surfaces on 
pins and their mating springs are pre-cleaned. 

' 


Encapsulation—you can pot the entire chassis or lock groups 
of components into the chassis. 


Reliability—the same high quality construction and perform- 
ance found in AMP’s Patchcord Programming Units. 


Adaptability—other pluggable chassis units are available in a 
variety of sizes and hole arrangements as required by your 
specifications. 


For more information write to: 


ANP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia * Canada « England « France « Holland « Japan 
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Newsbreaks 
In Control 


@ Atlas to Fly with Inertial Guidance 


Cape Canaveral—First tests of an Atlas missile guided by a selfcontained 
inertial system are slated for January. The switch to test firings with Amer- 
ican Bosch Arma’s inertial system indicates that the Air Force is now 
satisfied with the radio control system which, built by the General Electric 
Co., has controlled all previous Atlas tests. 


@ AF to Study Hot Gas Controls 


Dayton, Ohio—Air Force Flight Controls Laboratory is evaluating proposals 
to build a general hot gas control system. The project, the first on a systems 
basis, is aimed at solving some of the problems of materials, gas sources and 
dynamics of hot gases. ‘The system will include a gas generator, gas servos, 
and actuators. It will generate gas to operate the servos to move aerodynamic 
surfaces and swivel rockets, be the working medium in reaction controls, 
and provide pneumatic computation. Signal pickoffs and transmission will 
all be pneumatic. 


@ Capacitance Gage Spots Water in Fuel 


Philadelphia—Airline and Air Force officials are evaluating a new on-line 
capacitance gage developed by an oil company to spot water in jet fuel. In 
tests at the airport here, the device was able to spot as little as 100 ppm of 
water in fuel while it was flowing at standard fill rates. The oil company plans 
to put the device on the trucks that service jet liners; the gage will either 
sound an alarm or shut off the flow of fuel if water is spotted. 


@ New Relay Performs Hundred Million Operations 


Chicago—C. P. Clare Co. will unveil a radically new relay at the March IRE 
show, says parent company (Universal Controls) president M. Mac 
Schwebel. Called the Clareed Sealed Contact Reed Relay, the new 
unit is only 2 in. long, will perform millions of operations, hundreds of mil- 
lions at half rated load. Each pair of contacts is hermetically sealed in a 
glass capsule. Relays will be available in many forms: from one contact 
capsule and one coil on up. 


@ New Contro! Computer to Debut 
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Los Angeles—Packard Bell Computer Corp. will announce a startlingly 
small general purpose computer for control applications in March. Pack- 
aged to take up only 20 in. vertically in a standard equipment rack (19-in. 
wide) and all solid state, the new computer is intended as a system com- 
ponent rather than a laboratory tool. And it will have a new type of memory. 
Other features: high speed storage on the order of a few thousand words, 


extremely fast multiply times measured in microseconds, and a price tag 
“well under $50,000”. 
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GENERAL INSTRUMENT SEMICONDUCTOR. DIVISION 


silicon | diodes 


ANY 
MBINATION 


CHARACTERISTICS 


high speed ¢ high conductance ¢ high temperature 
high voltage « high back resistance 
complete reliability 


Including the industry's most ( 
versatile diode with uniform 
Genera! Instrument semiconductor en- excellence in all parameters. ( N ) 5G 
gineering has made possible these (MIL-E-1/1160 Sig. C) 


silicon diodes with a range of charac- 
teristics never before available to the 


GENERAL PURPOSE FAST RECOVERY HIGH CONDUCTANCE 
industry. TYPES TYPES TYPES 


1N456 1N461 1N625 1N482 1N484A 
The types listed here are just a small IN4S7* —1N462 IN482A 1N4848 


sampling of the complete line which 1N458° 1N463 1N482B 1N485 

ean be supplied in volume quantities 1N459° 1N464 1N483 1N485A 

for prompt delivery. General Instru- 1N483A 1N485B 

ment also makes a complete line of 1N483B 1N486 

medium and high power silicon recti- . 1N484 IN486A 
- MIL-E-1.T, 

fiers. Write today for full information. waned el acti sh 


PLUS a large group of special DR numbers developed by General Instru- 
ment Corporation with characteristics that far exceed any of the standard 
types listed above! 


Semiconductor Division 
et 7 ee he eT i ete) i fe) -F7-wale), | 


65 Gouverneur Street, Newark 4, N. J 


A 
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Deliver First 


Checkout Gear 


Navy’s missile will have computer-controlled automatic checkout 
equipment testing it from factory to countdown. First installation, 
for checking missile parts in the factory, was delivered last month. 


LOS ANGELES— 

lirst fully automatic production 
test equipment for the Navy’s Polaris 
missile was delivered last month 
to the Sunnyvale plant of prime con- 
tractor Lockheed Missiles and Space 
Division. Built by Packard-Beli Elec- 
tronics, the checkout gear will auto- 
matically test and verify at Lockheed 
the readiness of missile components, 
missile assembled packages, and com- 
plete missile systems. It will make the 
final checkout for Navy acceptance of 
a specific missile. 

Automatic checkout has been or- 
dered for every phase of Polaris assem- 
bly, from the factory to prelaunching 
in the submarine. The Navy’s philoso- 
phy has been named Acre, Automatic 
Checkout and Readiness Equipment, 
and has been applied in four areas: 
Acre/Nirop, Acre/Nwa-Ipb,  Acre/ 
Asb, and Acre/Ssnb. Nirop means 
Naval Industrial Reserve Ordnance 
Plant, the place where missiles will be 
initially built. Nwa stands for Naval 
Weapons Annex (with a Missile As- 
sembly Building and an Inert Proc- 
essing Building) where missiles are 
assembled prior to issuance to subma- 
rine tenders, which will carry the 
weapon. Asb refers to the tender on 
which operations will be carried afloat. 
And Ssnb identifies equipment that 
will be carried in the missile launch- 
ing submarine. 

Packard-Bell’s first delivery was 
Acre/Nirop equipment. It consists of 
a special purpose digital computer 
and a test station. P-B has a $1.2 mil- 
lion contract for Acre/Nirop gear, and 
will deliver 4 more test stations. 

Acre/Nirop’s computer serves as a 
central station, controlling a series of 
peripheral test consoles. (Originally, 
the testing complex was called Acre 
Octopus because it resembled an octo- 
pus with its central control and arms 
reaching out to up to eight test sta- 
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tions.) The computer sends out test 
control signals — programming the 
proper signal generators—receives test 
data reporting performance character- 
istics (functional and qualitative), 
and compares the performance to pre- 
set limits. 

The five test stations of Nirop will 
be scattered throughout the factory at 
points where they can be best used 
for the tasks to be performed. Any 
station can be equipped to perform 
any test. The system has four major 
testing functions: 

>» check overall missile system (less 
the nose cone). Test involves a com- 
plete checkout. 

>» Check a partial system that is a 
combination of two or more subsys- 
tems. Typical example: all of the first 
stage packages assembied together 
and an interlock package. 

P Check “packages” such as the 
flight control package. 

> Check components and modules 
such as printed circuit boards. 

To start a test, the test station inter- 
rogates the central computer. Punched 
cards input to the test station identify 
the part to be tested and the tests 
required. Here’s how a typical test 
would proceed: 

Step 1. The operator connects unit 
to be tested—missile component, pack- 
age, or completed system—to test con- 
sole with a cable harness. 

Step 2. Operator inserts into a card 
reader a punched card associated with 
the unit to be tested. Information 
from the card is transmitted to the 
central station, advising type of unit 
to be tested and the tests required. 

Step 3. Central station computer 
identifies the proper test and begins 
testing operation by sending the “‘ad- 
dress” of the test to a decode matrix 
in the test console, thus connecting 
the appropriate test module with the 
switching matrix. 


Step 4. Another signal from the 
central station then programs the 
module to the desired output level for 
the test. 

Step 5. Switching matrix connects 
test module with the unit under study. 
At same time, output of the unit un- 
der test is connected to the central 
station and a first reading of test is 
delivered. 

Step 6. At central station, compu- 
ter compares the test value with limits 
contained in its memory, determin- 
ing if the value is within the preset 
limits. 

Step 7. If the value is within limits, 
the computer station sends a “go” sig- 
nal which permits the continuance of 
testing. If the value is not within lim- 
its, the central station prints out the 
actual test value and stops the opera- 
tion. The computer also prints out 
what is wrong and how far off the read- 
ings are from the limits. 

Step 8. If the first value is within 
limits, investigation automatically pro- 
ceeds to test number two. 

During the testing operation, the 
computer and test stations perform a 
number of internal checks to insure 
that the test setup is functioning cor 
rectly. Calibration of instruments is 
inherent in the system, continuous 
after each test. Test length may vary 
from a fraction of a second to a maxi- 
mum of two minutes for a complete 
system check. 

The test station consoles are built 
with equipment in drawers. Any of 
the test stations can be given the capa- 
bility of performing any of the test 
functions. Components include: de- 
coding matrix, relay chassis, line am- 
plifiers, various programmable power 
supplies, and programmable signal 
generators. A built-in maintenance 
unit troubleshoots the test console. 

—Kemp Anderson 
McGraw-Hill News 
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The KIN TEL Model 501 4-digit, over-ranging digital voltmeter 
measures DC from +0.0001 to +1000.0 volts with 0.01% +1 
digit (of reading) accuracy. An extra fifth digit in the left 
decade indicates “0” or “1” to provide ten times greater 
resolution at decade (1, 10, 100) voltage points than standard 
4-digit voltmeters. Ranging and polarity indication are entirely 
automatic. The measured voltage, decimal point and polarity 
symbol are displayed on an in-line readout in a single plane—no 
superimposed outlines of ‘‘off” digits. 

An adjustable sensitivity control permits decreasing sensitiv- 
ity to allow measurement of noisy signals. Ten-line, parallel 
input printers can be driven directly, and converters are avail- 
able for driving other types of printers, typewriters, and card 
or tape punches. The input may be floated up to 25 volts DC 
above or below chassis ground with no degradation in perform- 
ance, and up to 250 volts DC with slight decrease in accuracy. 
Stepping-switch drive coils are energized with DC as in 
telephone-type service to provide long, trouble-free operation. 
The 501 is one of a complete line of KIN TEL digital instru- 
ments. Others include AC converters, AC and DC preampli- 
fiers, ratiometers, and multi-channel input scanners. 


IMPORTANT SPECIFICATIONS 


Display...Six decades display 5 digits 

(Left digit ‘‘O"’ or “1” only), decimal point, 

polarity symbol. Ranging and polarity indication are 
automatic. Projection system readout employs 
bayonet-base lamps with 3000-hour minimum life 
rating. Readout contains no electronic circuitry 

and can be remotely mounted. 


Automatic Ranges...+0.0001 to +1000.0 
volts DC in four ranges: 0.0001 to 1.9999; 02.000 
to 19.999; 020.00 to 199.99; 0200.0 to 1000.0 


Accuracy...0.01% +1 digit (of reading). 
Input Impedance...10 megohms on all ranges at null. 


Reference Voltage... Chopper-stabilized 
supply, continuously and automatically referenced 
to standard cell. 


Stepping-Switch Drive ...DC voltage within 
stepping-switch manufacturers rating applied 
by transistor drive circuit at rate of 
approximately 20 steps per second. 


Controls ...Three: on-off; sensitivity; and mode of 
operation (standby, normal, print auto, print remote). 


Printer Drive... Built-in for parallel input 
printers. Automatic or remote. 


Dimensions and Net Weights ...Contro! unit: 
45 Ibs, 544” H x 19” W x 16”D. 
Readout: 10 Ibs, 344”H x 19"W x 9”D. 


Price: $2995 


KIN TEL manufactures electronic instruments for measurement and 


control, and closed circuit TV. Representatives in a/l major cities 


Write for detailed literature or demonstration 


5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700 
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New shipboard cranes, automat. 
ally controlled, cut loading and un- 
loading time by 66 percent. Oper- 
ator can place a container into 
proper position in ship's hold by 
pressing proper numbered button 


in center of control console. 


Automatic Cargo Controls 


Sail with Freighters 


Grace Lines has installed ship- 
board cranes with automatic 
controls to speed loading and 
unloading containers of cargo. 


SAN FRANCISCO— 

Six radically designed, automatically 
controlled, shipboard cranes will han- 
dle cargo on two Grace Lines freight- 
ers—three cranes to a ship. Designed 
to load and unload cargo in aluminum 
containers, the new cranes reduce time 
for the average loading operation from 
three davs to-less than one. Additional 
cash savings are expected from low- 
ered insurance rates, the result of 
virtually stopping cargo pilferage and 
damage (the cargo is preloaded and 
sealed into square aluminum con- 
tainers which are then loaded into 
the hold of the ship). 

Cost of the installation was in ex- 
cess of $1 million. The 22.5-ton ca- 
pacity cranes were engineered and 
built by Pacific Coast Engineering 
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Co., installed at the Maryland Ship- 
building and Drydock Co., and con- 
trols supplied by Rundel Electric Co. 
of Millbrae, Calif. The controls not 
only direct automatic loading and 
unloading, but also compensate for 
ship list as loading proceeds. 

eSliding girder—Design of the 
crane itself marks a radical departure 
from conventional shipboard lifting 
devices. The Grace cranes have a 
sliding boom with a telescopic bridge 
girder that rolls on wheels. The gir- 
der can extend on either side of the 
ship. Because of this sliding boom 
design, instead of the conventional 
“birdwing” crane, the entire super- 
structure of the lifting mechanism is 
much lower when not in use, improv- 
ing visibility from the wheelhouse. 

Grace had to rely on shipboard 
cranes instead of land-based devices 
because many of its ports of call do 
not have container handling gear. 

¢ Within 2 in.—With the Rundel 
control system, the crane can move 
up to 476 cargo containers to within 


2 in. of their designated positions in 
the hold. To do this, the operator 
merely has to punch the proper but- 
ton, out of 36, on the console. 

By setting the controls to “Unload” 
and pushing another button, the op- 
erator can direct automatic unloading 
of the hold. 

For automatic unloading, the hoist 
is directed over the designated con- 
tainer, a spreader is lowered until it 
locks on the container, and the con- 
tainer is lifted out of the ship and 
over the side. At this point, auto- 
matic control ceases. A crane oper- 
ator takes over and guides the load 
to the point on the dock (usually a 
truck bed) designated for it. The 
manual control of unloading can be 
performed from the crane cab or from 
the dock with a pendant control box 
which is tied in electrically with the 
control console. 

On the loading cycle, manual con- 
trol is exerted until the container is 
over the ship. Automatic control is 
then cut in, and it directs the con- 
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Whatever your 

synchro requirements 
MUIRHEAD can meet 
them promptly—usually 
from stock. 
MUIRHEAD _synchros 
and servomotors are 
precision built to meet 
the requirements of 
Bu. Ord., N.A.T.O. and 
British Military 
specifications in sizes 
from 08 to 23. 


Ask for the latest 
synchro broadsheet. 
Data sheets and prices 
on application. 


MUIRHEAD 


PRECISION 
ELECTRICAL 
INSTRUMENTS 


MUIRHEAD INSTRUMENTS 
INC., 441 Lexington Avenue, 
New York !7, N.Y., U.S.A. 
Telephone: Murray Hil! 2-813! 


MUIRHEAD INSTRUMENTS 
LIMITED, Stratford, Ontario, 
Canada. Telephone: 3717 & 37/8 


MUIRHEAD & CO., LIMITED, 
Beckenham, Kent, England. 
Telephone: Beckenham 4888 


WHAT’S NEW 


. . » heavy pendulum in oil 
compensates for ship list . . . 


tainer to the proper cell in the hold 
without further guidance. 

¢ First shipboard cranes—Although 
automatic cranes are not new, the 
shipboard units are an innovation. 
The control system also has to cope 
with the problem of ship list. When 
a ship is unevenly loaded or when a 
heavy container swings out over the 
dock, the control has to compensate 
for the list so that a container being 
handled by another crane will not miss 
the hatch or land in the wrong cell. 
~ A specially designed heavy pendu- 
lum, swinging in a damping bath of 
transformer oil regulates compensa- 
tion. ‘Two phenolic cams, that can 
rotate as the pendulum swings, are 
attached to the pendulura shaft. As 
the pendulum swings with ship list, 
the cams rotate until they actuate 
switches which energize the appro- 
priate crane creeper motors. When 
crane has moved to compensate for 
list, pendulum returns and cams open 
switches, stopping crane movement. 

The sensing device is actuated by a 
list of more than a quarter of a deg; 
it will operate automatically up to a 
list of 6 deg. If list passes 6 deg, the 
pendulum moves so much that it 
actuates a switch to cut out the auto- 
matic control and advise the operator 
to take over manually. 

¢Labor’s reaction — Probably the 
most touchy part of the automatic 
control is the reaction of labor unions 
to the automatic loading and unload- 
ing. Using containers, the ship lines 
need fewer stevedores for a shorter 
period of time. ‘There is no indica- 
tion, as yet, as to how the Interna- 
tional Longshoremen’s Association, 
which controls East Coast ports, will 
react to the arrangement. 

In the past, ILA has been dead set 
against any automation. 

On the West Coast, where the 
docks are run by a different union, the 
Pacific Coast Maritime Association 
has worked out a profit-sharing scheme 
to offset some of the onus of auto- 
matic machinery. Shipowners have 
set up a special fund out of which 
longshoreman will be paid bonuses 
commensurate with the amount of 
work they have lost to equipment. 

Shipowners feel that automatic 
techniques will save more than the 
cost of the fund. Eventually, the sub- 
sidy will be reduced as fewer long- 
shoremen are recruited. 

—Donald Winston 
McGraw-Hill News 
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How do you lay a cable on the ocean floor—a cable that 
is connected to scores of large, heavy amplifiers? How do 
you “overboard” such a system in a continuous operation, 
without once halting the cable ship? 


Bell Telephone Laboratories engineers must answer these 
questions in order to lay a new deep-sea telephone system 
designed to carry many more simultaneous conversations. 
They’re experimenting on dry land because it is easier and 
more economical than on a ship. Ideas that couldn’t even be 
attempted at sea are safely tested and evaluated. 


In one experiment, they use a mock-up of the storage 
tank area of a cable ship (above). Here, they learn how 
amplifiers (see photo right), too rigid and heavy to be stored 
with the cable coils below decks, must be positioned on deck 


for trouble-free handling and overboarding. 


Elsewhere in the Laboratories, engineers learn how best 
to grip the cable and control its speed, what happens as the 
cable with its amplifiers falls through the sea, and how fast 
it must be payed out to snugly fit the ocean floor. Ocean- 
ographic studies reveal the hills and valleys which will be 
encountered. Studies with naval architects show how the 
findings can be best put to work in actual cable ships. 


This work is typical of the research and development 
effort that goes on at Bell Laboratories to bring you more 
and better communications services. 
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Experimental amplifier about to be “launched” from “cable 
ship.” Like a giant string of beads, amplifiers and connect- 
ing cable must be overboarded without stopping the ship. 


LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 





This is the New 





High-Speed | 
Tape 
Perforator 


I; can punch up to 


60 characters/sec. 
Speed is completely variable. Tally 
perforators operate asynchronous- 
ly at any rate to maximum speed. 
Their unique wire clutch drives 
let you vary speed for slaving 
to other equipment, simplifying 
design of many logical systems. 





These features, too 

@ Self-contained @ Accepts tapes 
of varying widths from 5, 6, 7, 
or 8 channels @ Low maintenance 
(completely enclosed mechanism 
is oil-mist lubricated) @ Quiet 
operation @ Long life through use 
of quality components. 





I t’s ready for 


delivery now 
Drop us a line for the full scoop— 
and the name of your nearest Tally 
engineering representative. Please 
address Dept. 081. 


5|/TALLY , 
REGISTER CORPORATION 
5300 14th Avenue N.W., Seattle 7, Wash. 
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WHAT’S NEW 


Zeus Production Plans 
Derailed Again 


Defense Dept. turns down Army request to start producing anti- 
ICBM components before R&D is completed. The decision will 
affect builders of machinery controls as well as those working 
directly in control areas of the project; first expenditures were 
to have been for machine tools and automatic machinery. 


WASHINCTON 

Ihe Defense Department has 
turned thumbs down for the second 
successive year on the Army’s pro- 
posal to begin production of subsys- 
tems and components on the Nike 
Zeus anti-ICBM system before the 
system has completed the research 
and development phase. Anny plan- 
ners had requested $700 million in 
the fiscal 1961 defense budget to 
start procurement of the longest lead 
time elements of the system.  In- 
cluded were such items as construc- 
tion of manufacturing facilities and 
purchase of machine tools and other 
automatic machinery to build com- 
puter elements. 

Zeus is an outgrowth of the Nike 
Ajax and Nike Hercules antiaircraft 
systems now deployed across the na- 
tion. It is designed to detect and 
track ocean-spanning ballistic §mis- 
siles and to destroy them in the up- 
per atmosphere during the terminai 
stage of their 15,000-mph_ ballistic 
trajectories, at least 200 miles away 
from the defended area. 

¢Opposing Zeus—Behind Defense 
Dept.’s turndown of the Army’s pro- 
duction plans are at least two reasons: 
one political, the other tactical. On 
the political side is the presidential 
election in 1960, and the Eisenhower 
Administration’s firm intent to hold 
next year’s defense expenditures to 
the current $41 billion level. The 
budget pinch has already resulted in 
cutbacks, stretchouts, and cancella- 
tions for both development and pro- 
duction programs (see p. 95). 

Even more important, however, is 
the philosophical objection to Zeus. 
A widely held view in Washington 
these days is that the U. S. defense 
picture would be strengthened more 
by stressing expenditures on retaliatory 
weapon systems such as ballistic mis- 
siles, Polaris-firing submarines, manned 
bombers, and other nuclear striking 
forces rather than by investment in 


a purely defensive system such as 
the Zeus anti-ICBM. 

For 1960, R&D on Zeus will con- 
tinue to roll along at about the same 
rate it has been progressing. Some 
tests of key components and subsys- 
tems are scheduled for this year. The 
first full scale system test has been 
slated for 1962 on Kwajalein atoll in 
the Pacific. Here, then, is the current 
status of the Nike Zeus project. 

¢ Proposed performance—Zeus speci- 
fications call for (1) a_ three-stage, 
solid rocket, surface-to-air missile with 
a booster producing about 450,000 
Ibs thrust at launch; (2) highly power- 
ful and sophisticated forward and local 
acquisition and missile tracking radars; 
and (3) a computer control center with 
a greater traffic load capacity than 
any computer built and a speed at 
least as great as the SAGE air defense 
system’s IBM-built FSQ7A, the fast- 
est computer now operational. 

Since 1955, the Army has invested 
some $500 million in research and 
development on the Zeus system. At 
this point, there have been two 
short range, unguided test launchings 
of a missile prototype at the White 
Sands Missile Test Range, N. M. The 
last one, on Oct. 14, was termed 
“successful” by the Defense Dept. 

In addition, radar prototypes and 
all modules of the computer are now 
being installed at White Sands for 
further testing. The full scale test 
of the complete Zeus system is sched- 
uled for 1962. At the time of the 
Kwajalein test, an operational-type 
missile will be fired against actual 
ballistic missile targets launched from 
Johnston Island, at least 1,500 miles 
away. Until then, Zeus will be test 
fired from White Sands—and later 
from Pt. Mugu, Calif.—its computer 
programmed with synthetic targets. 

¢ Why concurrent R&D—For the 
second successive year, the Army rec- 
ommended that production of Zeus 
subsystems and components be started 
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EDISON 


resistance temperature detectors 








STABLE -ACCURATE: FAST: SENSITIVE - RUGGED 


Here’s why they give you economical, long-life performance: 


Simple operation. The Edison Resistance Temperature Detectors 
consist essentially of a piece of high-resistance wire. When variations 
in the temperature of the measured medium cause a change in the 
resistance of the wire, enough power is developed to operate an 
indicator or relay and no amplification is required. 


High- stability eliminates periodic calibration. Because 
resistance wire is made from high-purity nickel and platinum. These 
metals are not subject to the contaminating effects of adverse at- 
mospheres. As a result, there is no need for periodic recalibration. 


Accurate. As evidence of the unmatched accuracy of the Resistance 
Temperature Detector, the U. S. Bureau of Standards uses a platinum 
wire detector for measuring temperatures between minus 300°F and 


plus 1165°F. Standard Edison detectors.are available with accuracy 
of 0.5%. 


Rugged. Edison detectors are designed to withstand the abuse, shock 
and vibration of industrial applications where other detectors can not 
survive. Typical of the tough jobs being handled by Edison detectors 
are sensing applications on the bearings of ore crushers, heavy con- 
veyors, pulverizers and both turbo-jet and reciprocating engine aircraft. 


For additional Information write for bulletin RTD #3047. 
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Edison Detectors are available for a wide range of 
applications and almost any type of service. They are 
compact, corrosion and vibration resistant. 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


86 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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DIGISYN® ENCODERS ~&£& ‘ 
for precision in: ! 


| wears new 
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Radar and Optical Tracking ; EXC | ae = Aes . . . Army says Zeus is where 
! a" 40 


Navigation and Guidance Systems we can risk production . . . 


Missile Launch Control ! M4 . before the project's R&D phase is 
FRE CONTROL OPTIC ' completed. The Army pleaded for 
Nuclear Reactor Control ! / . \ “concurrent” R&D and production 
as a means of pushing Zeus into an 
LAUNCH earlier operational status. Says Maj. 
CONTROL Gen. W. W. Dick, Jr., the Army’s 
Director of Special Weapons R&D: 
“Zeus development is at a point where 
[we can] proceed to production within 

a reasonable area of risk.” 

There’s some history to back up 
the Army’s claim. Production of sub- 
systems and components was started 
on the Air Force’s Thor, Atlas, and 
‘Titan and the Navy’s Polaris ballistic 
missiles before completion of R&D. 

eSpending plans — The Defense 
Dept.’s budget plan for fiscal 1961, 

f / ee ; starting next July 1, calls for a fund 
Photoelectric of roughly $300 million to continue 
d Y ; R&D work on Zeus. This is about 


/ , - . reas 
eo Shatt a mays ta _ the same level as the project’s budget 
/ gir ‘a oe for the current fiscal year. 
Pasition Sh ine Foe ail ye Tied to the fiscal 1961 budget plans 


/ ae is the question of whether the Army 
Encoder | will be allowed to spend $137 million 
/ | extra —s Congress appropriated ne 
? ® * summer for “pre-production” work 
! DIGISYN® RD-17 | on Zeus duieg fiscal 1960. This 
f The Ultra-Precise Encoder | was in addition to the $300-million 

R&D funds for the project. 
¢ Decision Makers—The question of 
Zeus’s future depends to a large ex- 
Self-contained amplifiers and control elec- tent on recommendations made _ to 
tronics the Defense Dept. and to the White 
Self-contained power supplies — 115 Volts, House by a group of top bracket sci- 
60 cps or 400 cps input power | entific advisers who have made a 
Solid or Hollow Shaft Input technical evaluation of the project. 


The group is headed by Dr. Hector 

Serial or Paraiiel Digital Readout Skifter, the Pentagon’s assistant di- 
Modular construction — easy maintenance rector of research and engineering for 
air defense, and Dr. George Kistia- 

When you need the ultimate in accuracy, the utmost in reliability, the kowsky, President Eisenhower's special 
maximum in performance, the minimum in maintenance — specify assistant for science and technology. 
DIGISYN® Shaft Position Encoders. They provide a direct, single-step Skifter, who’s on leave as president 
method of digitizing the angular position of a shaft, meet military specifi- of Cutler-Hammer, Inc.’s Airborne 
cations, and function in envirenmental extremes. Instruments Laboratories, reportedly 


For full information on the new, ultra-precise RD-17 or other DIGISYN® encoders backs the Army’s recommendation. 

and accessories, write today, or call (Boston) COpley 7-8425. Ex-Defense Secretary McElroy, on 
the other hand, put his thinking this 
way before a congressional committee 
; last year: “we might be better defended 
if we use (defense funds) for aggres- 
ied Me ine sive potentialities. Our ability to de- 
: ae 
1 
l 
I 


@ 17-digit accuracy in 10” diameter — 10- 
second resolution without gearing 


Standard & Custom Encoders 


liver destructive weapons on an enemy 
would have more [of a deterrent] ef- 
fect on him than our ability to de- 
fend ourselves against his weapons.” 

In essence, this is the old argument 


Tahal ” : 
that the best defense is a strong 
(= WAY N a oo ts t (@) aa G © | offense. According to preliminary 
Pentagon estimates, the total cost for 
o& CORPORATION an operational Zeus program (envisag- 


(ADCON DIVISION) ing missile batteries at 50 U. S. tar- 
588 COMMONWEALTH AVENUE e@ BOSTON 15, MASS. get centers) would amount to at least 
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milliseconds 


recorded with Brush operations 
monitors. Multiple high-speed 
events are reported in writing 
within 4 milliseconds of occur- 
rence—to establish the basis for 
split-second, million dollar de- 



































cisions necessary in today’s com- 
plex control systems. Up to 120 
separate “‘on-off’’ event signals 
are monitored and permanently 
recorded on a chart only 12” 
wide. Fixed-stylus electric writ- 
ing provides sharp, reproduc- 
ible traces of uniform clarity. 
Chart speeds from one to 250 
mm/sec permit a precise inter- 
pretation of all events, with 
resolution up to 500 signal 
changes per second. For military 
or industrial analysis and control, 
no direct writing recording sys- 
tem can match the capabilities 
of Brush Operations Monitors. 
Write today for complete speci- 
fications and application data. 
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37T4 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
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writing 


systems 


eliminates 
compromise 


Avoid a “second best’”’ choice. Get exactly what you need. Only Brush permits 
selection of ... Writing Method... ink, electric or thermal .. . 

Trace Presentation... curvilinear or rectilinear .. . Configuration... vertical or 
horizontal, rack mounted or portable models. Also... chart speeds from 

50’’/sec to 10’’/day . . . functionally designed control panels . . . readily accessible 
components for fast inspection, simple adjustment . . . complete, easy to understand 
operating manuals. Get the industry’s most advanced design concepts. You never need 
compromise when you specify Brush. Complete information at your request. 


—__brush INSTRUMENTS 
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WHAT‘S NEW 


for a cost of $10 billion? .. . 


$10 billion. The Army claims the 
first Zeus site could be operational 
four years after an official green light 
for production. 

nenthusiastic view—The predom- 
inant Washington feeling on Zeus 
is represented in this recent statement 
by one of McElroy’s top aides: “We 
must be assured first that Zeus will 
work. But even then we have to 
evaluate the necessity of production 
in terms of the decree of Zeus’s po- 
tential performance against the threat. 
If it were a matter of defense against 
only one oncoming missile on a target 
we Ww ould buy Zeus. 

“The threat, however, is of salvos of 
ballistic missiles on a target—accom- 
panied by decoys among which it will 
be hard to discriminate. Even if 
we assume Zeus’s effectiveness against 
as many as 80 percent of the enemy’s 
missiles—which is very questionable— 
how much have we really accom- @ Large 15 ampere contacts elimi- 
plished if 20 percent still hit us nate additional load relays. 
with thermonuclear warheads? Is @ Stop down time with plug-in com- 
this adequate defense to justify the ponents for fast timer replacement. 


cost of Zeus?” 

e Zeus’s team—A team of at least Fleuibi 
40 major companies and research in- 
stitutions is working on the Zeus @ Easy to set dial whether short or 
project. Western Electric Co. is the long timing. 

rime contractor. Bell Telephone @ Choice of 9 acti ‘lable f 

aboratories, its AT&T affiliate, is in h of 3 a a a 
charge of system development—includ- Sel; aphtbes: act 
ect operation required for your 
ing the computer-control center. circuit. 

Douglas Aircraft is subcontractor 
for the missile. Lear is developing and A 
building the missile gyro platforms; COURDLY, 
Remington Rand Univac, a guidance 
computer; Ryan Aeronautical, radar 
seeker; Sperry Gyroscope, target track 
radar; RCA, transmitters; Firestone ° enon repeatability insures uni- 
Tire and Rubber Co. is in charge of form, production. 
instrument tests; Packard Bell Com- Rabiabi 
puter Corp. is working on a digital 
computer; Goodyear Aircraft, acquisi- 
tion antennas; Airtone, Inc., radar. @ Proven reliability in thousands of 

¢ Operational program—As the Zeus industrial processes for more than 
anti-ICBM system is now planned, 25 years. 
initial warning of an enemy ballistic 
missile launching would be provided 
by the Air Force’s ballistic missile Eagle Timers Save Time — Save Money 


early warning system (BMEWS). This 
Write for FREE Bulletin 110 containing complete data 
system will consist of three radar sites on Giendiia iene Sines teens 


with a range of 3,000 miles each. The Eagle Signal Company, Industria! Timers Division, Dept. CE-160, Moline, IIlinois 
first site is under construction at 


Thule, Greenland (it will be opera- 

tional late next year); others are 
lanned near Clear, Alaska and New- 

castle, England. % SIGNAL COMPANY 
BMEWS will detect an enemy mis- . MOLINE, ILLINOIS 

sile during the apogee of its 30-min *fewars © 

flight, providing a warning of some MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 


. . . Is this adequate defense 3 j sf Eas | mitaani (sy 





@ Set dial to exact time required. 
No guessing at numbers. 


Install timer in seconds with op- 
tional plug-in feature. 


@eereeeveeeeeeeeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeee 
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A MINIATURE i ciadtieeniie 
PRECISION | ... Zeus is pees to carry 

| out ifs mission in 4 minutes... 
PRESSURE tg ee she yo cteg ty Renee 
BALANCE | icquisition radars—with a range of 


| about 600 miles—deployed through 
| mid-Canada. These highly powerful, 
YOU CAN HOLD sophisticated radars will also establish 
the initial track on the oncoming mis 
sile. he Zeus forward acquisition 
radars will be equipped with new high 
power klystron tubes (developed by 
Sperry Gyroscope) which generate 
more power per wavelength than any 
microwave radar tube now in us¢ 


sile tracking radars at the 


In the next phase, target and mis 
: 


launching 


ite take over to automatically com 
Res | re ; pute the course for the intercept mis 
Our customers asked if it could be doné. They : . CTC] 
; sile. Plans are to install three target 
track radars, nine missile tracking ra 
_ ~ 

that.was easier to use in wind tunnel presgure dars, and 50 missiles per Zeus site 
¢ Lock on Radars—In a typical en 
gagement, the target tracking—or local 
laid down the law on size and performancé — our icquisition—radars_ will lock 


wanted a completely portable pressure balance 


measurement and control applications: And they 


on and 
size goal was less than 50 cubic inches... precisely track the incoming target. 

: Ihe other tracking radar will lock 
onto the Zeus intercept missile. Both 
dwn the line. radars will provide continuous posi 
tion data to the computer. ‘The com 
puter will guide the intercept missile 


by radio command. 


performance had to be competitive right 


+ 


lor vectoring purposes, the missile 
will have a small third stage rocket 
in its warhead. ‘The steering will be 


iccomplished by exhausting through 
ready now... MODEL 4-332 canard fins. 


he Zeus warhead’s destruct tech 
CEC’s new 4-332, the precision pressure balance niques are highly classified. But it 


you can hold in your hand, has been thoroughly 7 a ot ae yy th . K hing 
Warhcac 1ougn itOomM Ol 1CTIa 
tested and put into production. It measures a 


radiation produced by a nuclear ex 
scant 4”x 3”x 24” (the photo above is full size). plosion or through explosions of pat 
ticles in the attacking warhead’s path 
; Impact of such particles could erod 
and, here’s the kicker: ; the enemy warhead 
; Zeus is designed to perform its mis 
This one even surprised us. In spite of its small sion launching and interception 
size and new versatility, the 4332 proves to be within a period of 4 min. This fan 


tastic chore is supposed to be accom 


less sensitive to acceleration, less sensitive to | plished at least 3 min. short of the 
vibration, and more stable than the larger defended area. 


: y ¢ Decoy or not decoy Pentagon 
pressure balances currently available. ie 


: ; ; is the system’s inability to discriminate 
vy against highly sophisticated decoys 
that is, decoys with the appropriate 
weight-drag ratio and radar character 
for complete information—on Model 4-332, | istics to behave like the actual warhead. 
Zeus proponents say the system’s 
circuitry and computation can sort 
out less sophisticated decoys such as 
the oncoming missile’s tankage. ‘They 
concede the problem of decoy discrim 


ination at this stage of development 
—Morton Reichek 
— | McGraw-Hill News 
Transducer Division 
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CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


critics say the major weak 
fits 
the precision pressure balance you can hold in your 


hand, call your nearest CEC sales and service 


oflice or write for Bulletin CEC 1547-X1. 
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The Fastest, Toughest Photorecording Paper Available 


Du Pont Lino-Writ 4 is the fastest oscillo- 
graphic paper you can use... and the 
toughest. This member of Du Pont'’s full-line 
family of recording papers accommodates 
writing speeds up to 50,000 inches per 
second; safeguards your valuable records 
under severest usage; has exceptional expos- 
ing and processing latitude. It's easiest to 
read, too... and its 100% ultra thin rag-base 
saves vital storage space. 


Whatever your oscillographic requirements, 
there's a Lino-Writ to fit your needs. 


Lino Writ 1 for average test requirements at 
lower writing speeds. Lino-Writ 2 for interme- 
diate speed recording requirements. Lino- 
Writ 3 for high-frequency recording without 
loss of detail. 


For more information on our complete photo- 
recording line, write: E. 1. du Pont de Nemours 
& Co. (Inc.), Photo Products Department, 
2430-A Nemours, Wilmington 98, Delaware. 
In Canada: Du Pont of Canada Limited, 
Toronto. 


Better Things for Better Living .. . through Chemistry 


REG. 5. eat.oFt 


1960 
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from Honeywell. REP ANOTHER DIAMOND JUBILEE PRODUCT 


WHEN YOU HAVE 


extraneous common mode signals 


to 10 Volts 


AND WANT TO MEASURE 
0.1 to 100 millivolts full scale 


Millivolts 


AND THEN AMPLIFY 


4 Volts 


CHOOSE THE NEW HONEYWELL 
D-C AMPLIFIER 


ClecuLrata IT 


wide-band differential all- 
transistor D-C Amplifier for 
strain gages and thermocouples 


@ Full Scale Input: Unbalanced: + 100 uv to + 100 mv 
Differential: = 3 mv to = 100 mv 
Open Loop: Below drift level 


@ Full Scale Output: + 2v at 50 ma, dc to 10 ke 


®@ Frequency Response: to 20 kc 
® Output Impedance: Less than 0.5 ohm at dc on all ranges 


@ Input Impedance: Unbalanced 3 to 100 mv ranges; greater 
than 20 megohms in parallel with 350 micromicrofarads. 
Differential: Greater than + 2 megohms 


@ Equivalent D-C Input Drift: Less than 2 uv/10°F ambient temp 
change on 0.1 to 30 mv input ranges 


© Equivalent Input Noise: 4yuv peak-to-peak on 100 pv to 300 pv 
range (0-10 cps). 8uv rms on 10 to 30 mv ranges (0 to 100 kc) 


@ Common Mode Rejection: 200,000 at 60 cps on 3 to 30mv ranges 


The new Honeywell AccuData II is a completely transistorized D-C Amplifier 
designed for use in high accuracy data handling systems as a wide-band pre-am- 
plifier for strain gages and thermocouples. Its output can be fed to electronic 
or electromechanical analog-to-digital converters and simultaneously recorded 
on galvanometer oscillographs or magnetic tape. Either differential or single- 
ended input modes can be selected by an eleven position range switch. This 
switch changes the gain in three-to-one steps. Intermediate gains with high 
resolution are provided by a ten-turn potentiometer Write for AccuData II 
Bulletin to Minneapolis-Honeywell, Dept. 34, Boston Division, 40 Life Street, 


_ Boston 35, Mass. 
Honeywell 
— 
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| WHAT’S NEW 


NEMA Systems Group 
Aims at Semantics 


ATLANTIC CITY— 
NEMA’s (National Electrical Man- 
ufacturers Association) Industrial Au- 
tomatic Systems Section reported prog- 
ress in two important areas at the 
Association’s annual meeting, making 
its first report since it was founded 
last January. The Subcommittee on 
Definitions under Chairman R. N. 
Eck (Cutler-Hammer) has defined 
about 100 terms covering general con- 
trol system terminology, electrical 
drives, and feedback control systems. 
Next step: definitions for data proc- 
essing, programming, and computing 
systems. The terms that have been 
agreed upon are row proposed for 
acceptance as NEMA standards. 

At the same time the task group 
investigating the system compatability 
of components (chairman: A. G. 
Mueller of Square D Co.) has de- 
cided to start its study program by 
looking into shaft encoders, transistors, 
controlled rectifiers, and diodes. The 
group’s goal: to establish standards for 
system performance by evaluating 
present rating techniques and the ap- 
plication problems they create. 

The General Engineering Commit- 
tee continues to study the problem of 
minimum creepage distance for cir- 
cuits under 50 volts to determine prac- 
tical spacing requirements for plant- 
site applications. In addition, another 
subcommittee will study regulated 
systems standards—but personnel has 
not yet been assigned. 

Section officers were continued in 
office for another year: D. L. Pierce 
(Westinghouse Electric Corp.) re- 
mains Section chairman, and William 
Alvarez (General Electric Co.) chair- 
man of the Section’s General Engi- 
neering Committee. One new com- 
pany, Lear, Inc., joined the member 
companies (CtE, July 1959, p. 30), 
bringing the total to 11. 


Programming Seen as 
Key Problem in 
Computer Application 


CHICAGO— 

Programming—and how to make it 
easier for engineer users of computers 
—was the hottest subject of presenta- 
tions and discussion at the Computer 
Applications Symposium sponsored by 
Armour Research Foundation in Oc- 
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So many ways the FISHER/MAN 


Two Position 
Controller 


Proportional 
Controller 


Proportional 
Controller 
—Remote Set 


Differential 
Proportional 
Controller 


Pressure 
Transmitter 


Differential 

Proportional 
Controller— 
Remote Set 


Proportional 
Reset 
Controlier 


Differential 
Proportional 
Reset 


can give you a helping hand with the 


WIZARD II 


PRESSURE CONTROLLERS 


1 @2 @ 


et 


This ‘‘ Jack of ALL Trades” 
is surprisingly low in cost 


The partial list of applications at left tells you why the Wizard II is 

so aptly named. Probably no other controller in the Fisher line is as 
versatile. Available in brass, steel or stainless steel Bourdon tubes 

for ranges from 25 to 10,000 psi. Brass or stainless steel bellows available 


for low pressure service from 30” Hg Vacuum to 30 psi. 


Fisher has carefully designed each component of the new Wizard to 
satisfy the most rigid process control requirements. A completely 
descriptive and illustrated booklet on the Wizard II is yours 

for the asking. Write for Bulletin D 4150 A. 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 


CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania 


JANUARY 1960 


SINCE 1880 
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design engineering 
. operational 


off-the-shelf 


An Arnoux power supply 
going into a canister 
for the Atlas propellant 
utilization system 


Arnoux has consistently proved its versatility and 
reliability in providing either a few prototypes or 
thousands of power supplies—quality in quantity. 

In fact, wherever reliability and design integrity are 
taken for granted, there you'll find Arnoux power 
supplies, static converters, and inverters. 

For airborne applications and for GSE, Arnoux 
power supplies have these outstanding features: preci- 
sion regulation...temperature stability ...low ripple... 
tight packaging... light weight ...and they meet, exceed, 
or are qualified under specification MIL-E-5272A. 

For highly precise, static and dynamic regulation 
of line and load changes when accuracy is vital, Arnoux 
power supplies provide a wide range of output voltage 
and current. Depending on specific models, this range 
is from 5 to 500 vde and from 30 ma to 15 amperes. 
Bulletin 102. 

Arnoux Corporation 


11924 W. Washington Blvd. + Los Angeles 66, California 


ARNOU X 


phonetically, say Are’new 


POWER SUPPLIES 


40 
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WHAT’S NEW 


tober. Because the number of com- 
puter installations is increasing faster 
than the supply of new programmers, 
there is an increasing need for auto- 
matic programming techniques and 
courses to train users. 

Charles Katz, manager of Genera! 
Electric’s Automatic Computer Cod- 
ing Dept., stated the problem: “There 
is an ever-growing number of ‘non- 
programmer users of computers. 
‘These are persons who are expert in 
their own fields, who know the prob- 
lem or system for which they want 
results, and who want to use a com- 
puter as a tool to get these results 
in the quickest, most economical way.” 

To service such users, Katz sees 
computers being delivered to cus- 
iomers with automatic programming 
systems and synthetic languages. The 
GE. manager predicted that the basic 
machine code would not be made 
available. All training and program- 
ing would take place at the source 
language level. And he envisioned 
a dav in the near future when auto- 
matic programming systems will be 
built modularly, using the same source 
language on all models. 

Another aspect of the problem— 
capability of present programmers— 
was aired by E. J. Albertson, U. S. 
Steel’s Methods Planning Div. He 
told the symposium, “More program- 
mers cannot solve the problem since 
there appears to be a limit to the num- 
ber that can be used on each appli- 
cation. ‘The answer appears to be 
more programming per programmer, 
by increasing automatic program- 
ming. 

A Westinghouse engineer, Frank 
Engel, reported his experiences teach- 
ing ‘“non-programmer’ computer 
users how to use Fortran (a computer 
language) with the IBM 704. “Al- 
though we felt moderately successful 
in bringing the power of Fortran and 
the 704 to the engineer, we were dis- 
turbed because only 20 percent of 
those taking the course succeeded in 
putting problems on the computer. It 
may not be such an unfavorable sta- 
tistic, however. In a sampling survey 
of the students, everyone replied that 
he was sure he could write a Fortran 
problem, but he didn’t have any prob- 
lems amenable to computer solution; 
or, he didn’t have the funds in his 
budget; or, he had taken the course 
to learn about computers.” 

Engel concluded that his course 
should also teach an understanding 
of what problems confronting the in- 
dividual student can be put on the 
computer and teach him to organize 
the problem for solution. 
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Key building block 

in flexible 

process control... 

the Beckman 123 Data Processing 
System. 4 Use it alone for 
process data logging and alarming. 
Use it with a general-purpose 
computer for computer control. 
Its flexibility allows you to 

first study and then control 
your process...as well as modify 
process variables and easily 
reset controls. % In addition to 
this flexibility, the 123 Data 
Processing System offers ¢€ 
all-transistorized circuits for 
maximum dependability... 
pinboard programming for ease 
of operation...100 or more 
channels to handle any logging 
problem. ..typewriter, paper 
tape, or punchcard readout... 
visual and audio alarms. 4 Let 

a Beckman stream-control 
specialist help you to a 1-2-3-4 
building block solution to 

your process control needs... 
from sample handling (1) and 






stream analysis (2) through 

data processing (3) and digital 
computing (4) to an ultimate 
closed loop. For more information 
on the 123 Data Processing 
System or an on-stream survey, 
write for Data File 46-1-09. 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, 
Fullerton, California 
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THE FLOW 
GOES 
STRAIGHT-THRU 





Cans 
THIS ALL-NEW 
BROOKS 
ROTAMETER- 
TRANSMITTER 


ho pockets, no elbows 
to gum up the works! 








This is the rotameter-transmitter for 
your toughest flow-metering jobs. 
Brooks’ new Model 3611-MPTX. 

You can use it for slurries, still 
bottoms, Bunker oils, pthalic anhy- 
drides, tall-oil compounds—virtually 
any ‘probleny fluid. 

You can use it for electric trans- 
mission, pneumatic transmission, or 
flow integration—or transmission 
and integration. 

Above all, you can use it with 
absolute confidence. 

Have a look at the transmitter’s 
unique magnetic float-position con- 
verter, and you'll see why. 


Design Secification Sheet DS-361 
gives details. Write for a copy. 


>|BROOKS 


ROTAMETER COMPANY 
E STREET 
PENNSYLVANIA 





160 
' LANSDALE ° 
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Fear of Government Regulations 
Slows British Nuclear Controls 


LONDON— 

Study of ways to use nuclear energy 
in control applications is well advanced 
in Great Britain, but applications trail 
far behind the theory as industrial 
users are reluctant to make installa- 
tions. Most frequently blamed for the 
delay are proposed complicated indus- 
trial rules that would regulate installa- 
tion of radioactive materials. 

The British government is still 
thrashing out a set of proposed work 
rules with users and manufacturers 
of the equipment, and the possible 
outcome has scared potential users. 
For example, one provision that has 
been suggested would require full 
health monitoring and film badge pro- 
tection in any installation with a 
radioactive source emitting in excess 
of 30 milliroengtens per week. The 
prospects of having to set up such 
an Organization and the expense have 
cooled many British industrialists. 

If the work rules can be resolved 
satisfactorily, however, at least three 
British companies are ready to serve 
the market. Baldwin Controls has 
concentrated on thickness gages for 
the paper industry, developing the 
Brehmstrahlung back scatter method 
(CtE, April ’58, p. 105) so that thick- 
ness ranges were extended to 0.080 in., 
and the equipment can also be used 
on metal strip gaging. 

Ekco Electronics first concentrated 
on the cigarette industry in a joint 
venture with American Machine and 
Foundry. Now Fkco has set its sights 
on metal and plastic thickness appli- 
cations with a Brehmstrahlung gage. 

Isotope Developments Ltd., has 
concerned itself primarily with simple 
on/off level controls for the packaging 
industry. But it too has recently 
expanded, now make a Brehmstrah- 
lung gage for long term corrections 
of thermal deformations on the steel 
mill stand and rolls in the Davy- 
United automatic gage contro] system. 

Both Baldwin and Ekco provide 
error signal outputs for control as 
standard equipment on their gages. 
Baldwin offers intermittent propor- 
tional control with a fixed dead zone. 
Ekco combines production with 95 
percent proportionality by operating 
time proportional on/off servos. 

Enough prototype applications have 
been made to give the nuclear meas- 
urement and contro] industry (now 


grossing about $450,000 per year) a 
suitable showcase in Britain. Here 
are some examples: 

e Most sophisticated installation in 
the oil industry was made by Ekco. 
Nine fluid density gages monitor inter- 
face travel on the 555-mile Iraq Pe- 
troleum Co. pipeline from Kirkuk to 
Tripoli. At each pumping station 
and at the terminal, gamma radiation 
measuring heads are fitted both at the 
switching point and 3,000 yds up- 
stream. At the interface the two 
products in the line absorb gamma 
rays differently. Density variations in 
specific gravity as low as 0.001-0.002 
can be detected. 

The Ekco equipment has alarm cir- 
cuits to alert the station operator 
when the interface approaches the 
advance warning point and then on 
arrival at the switching point. Tem- 
perature sensing elements on the 
pipeline, upstream of the radiation 
heads, compensate for any change in 
temperature. 

The installation saved 80,000 gal- 
lons of crude oil during the first tests. 
An unexpected advantage: the de- 
tectors were able to spot the location 
of sludge carried into the pipeline 
from the bottom of storage tanks. 

e In the steel industry a showpiece 
installation has been set up by Steel, 
Peech and Tozer, a subsidiary of U. S. 
Steel Co. Ltd., to supply a visual dis- 

lay of strip profile on a hot strip 
rolling mill. This installation of Bald- 
win equipment enables the operator 
for the first time to see the overall 
thickness of the strip as it is rolled. 

The display consists of 48 vertical 
rows of lamps, five lamps in each row. 
Middle lamps of the row indicate “on 
tolerance”; two adjacent amber lights 
show “within tolerance” strips; and 
the outer lamps in each row show 
“off tolerance”. Accuracies of 1 per- 
cent are claimed for the Brehmstrahl- 
ung gages measuring strip thicknesses 
from 0.03 to 0.25 in. 

e Ekco has also installed a three- 
loop cascade system on a double sided 
rubber calendaring plant. Normal 
Beta ray gages measure the coating 
thickness of rubber composition on 
the top and bottom surfaces of the 
backing material. Adjustment of the 
set points controls the thickness be- 
tween the top and bottom surfaces. 

—Derek Barlow 
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New 
/0 amp 
high-power 
Silicon rectifier 
from 
Westinghouse 


This latest Westinghouse rectifier has been 
designed specifically for those high-current 
applications where space and weight are 
critical. Total weight is only 3 oz., maximum. 


OUTSTANDING FEATURES INCLUDE... 

@ Low leakage current @ Small package 

@ High fault current (just 1" across flats) 
@ Lightweight @ High current for 

@ Low forward drop its size and weight 


ELECTRICAL CHARACTERISTICS 

Maximum allowable peak inverse voltage: Oper- 
ating or transient to 50 to 500 volts. 

Maximum allowable dc blocking voltage: 80% 
of PIV. 


Cell forward current: See curves. 

Operating frequency: For frequencies beyond 
1 ke, refer to Westinghouse. 

Thermal drop: Junction to case, 0.4°C/watt. 


Maximum reverse current: 30 milliamperes peak 
at rated peak inverse voltage. 

Maximum one cycle half-wave peak rating: 
1200 amps. 

Operating temperature: Up to junction temper- 
ature of 190° C. 


inquiries and sample orders are invited. For 
maximum complete technical data contact your local 
Westinghouse representative. 


Per you Caw Be SURE...1F rs 


aa Westinghouse 


Westinghouse Electric Corp., Semiconductor Department, Youngwood, Pa. 
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Write for complete information on 
High Speed Recording Systems 


OTHER MASSA PRODUCTS 
TRANSDUCERS 
Sonar, Ultrasonic 
ACCELEROMETERS 
MICROPHONES 
HYDROPHONES 
AMPLIFIERS 


COMPLETE LINE OF MULTI-CHANNEL AND 
PORTABLE RECORDING SYSTEMS 





12 CHANNEL 
DIRECT INK OR ELECTRIC 
RECTILINEAR 
RECORDING SYSTEM 














MORE DATA 


PER DOLLAR 


This new Recording System, Model 
BSA-1200, combines all the advan- 
tages of rectilinear recording with 
the economy of ink writing in 4 
less space than any comparable sys- 
tem. At an average chart speed of 
50 mm/sec., for example, you save 
$10,000 every 200 hours in chart 
costs alone when compared to other 
rectilinear recording systems. In ad- 
dition, this system is designed to 
accept a wide choice of different 
interchangeable plug-in preampli- 
fiers for each of the 12 recording 
channels. 
ADDITIONAL FEATURES 
High Speed Rectilinear Recording 


with Ink. Unique pen design provides 
splatterproof writing to 200 cycles. 


Wide Frequency Range reproduces 
signals from DC to 200 cps on 
rectangular coordinate chart paper 


Interchangeable Plug-in Preamplifiers 
— Low, Medium, High Gain DC, AC, 
Chopper, Carrier, and Servo 


Automatic one second timer and 
manual EVENT MARKER 


18 Speeds — Push-button Controls 
(Remote control optional) 


Individual Power Supplies and 
Transistorized Driver Amplifiers for 
each channel. Prevents cross-talk 
between channels 


Pen Motor Overload protection 


Interchangeable pens for either Ink 
or Electric Writing 


Micrometer Pen Motor Adjustments 
for accurate pen alignment 


Plug-in provisions for remote or 
centralized control of all functions 


Modular Design throughout for ease 
of servicing 
& DIVISION OF 


EeLcecrronmics imc 


8 FOTTLER ROAD 
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WHAT’S NEW 


Italian Control Makers 
Try Something New: 
Electronics 


Electronic instrumentation and 
control make rapid inroads at 
the Fourth Milan Instrumenta- 
tion and Automation Show. 


MILAN— 

Last year, visitors to the Milan In- 
strumentation and Automation Show 
had little to report back that was new 
or exciting. This year, however, a 
new trend was obvious: electronic con- 
trol systems are making rapid inroads 
in Italy. 

Firms like Olivetti, Italy's sharp 
marketer of business machines and 
typewriters are setting the pace. Oli- 
vetti, for example, unveiled a brand 
new computer and an clectronically 
controlled milling machine. 

[he new computer, the Elea 9003, 
is the first computer built entirely by 
an Italian company. It is completely; 
transistorized, has a core memory, and 
is intended for both business data 
processing and engineering problem 
solving. Information can be fed in 
by punched tape, punched card, or 
magnetic tape. Output is punched 
card or Teletype punched tape. The 
core memory can be expanded to 160,- 
000 characters and magnetic drum 
memories are available accessories. 

Olivetti says the machine is pluri- 
sequential, meaning it can process 
more than one program at a time. 
\ccording to an Olivetti representa- 
tive, cach program is automatically 
timed; an automatic priority system 
allows processing three programs. si- 
multaneously without interruption. 

As accessory equipment, Olivetti 
displayed an off-line converter that 
puts punched card or punched tape 
information onto magnetic tape. ‘The 
converter has two: photoelectric 
punched-tape readers capable of scan- 
ning 800 characters per sec; the card 
reader can read 700 cards per min. 

The milling machine that Olivetti 
demonstrated was an electrohydraulic 
machine, electronically controlled by 
a fixed program. It has mass produced 
breaker arm support plates. 

Another Milanese company, Off- 
cine Guardigli, was showing a new 
system to meter the feed of recipro- 
cating rolling mills. It uses a photo- 
clectric device to register the motion 
of the rolling mill carriage. 

To do this, piston motion is trans- 
mitted to a soup-plate shaped wheel 
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Three voltage ranges: 
0-200, 125-325, 325-525 VDC 


1.5 AMPERE MODELS NEED ONLY 8%’ OF PANEL HEIGHT! 


(metered) (unmetered) 

MODEL C-1580M: 0-200 VDC, 0-1500 MA.580.00 MODEL C-1580: 0-200 VDC, 0-1500 MA.550.00 
MODEL C-1581M: 125-325 VDC, 0-1500 MA.605.00 MODEL C-1581: 125-325 VDC, 0-1500 MA.575.00 
MODEL C-1582M: 325-525 VDC, 0-1500 MA.680.00 MODEL T-1582: 325-525 VDC, 0-1500 MA.650.00 








800 MA MODELS NEED ONLY 7” OF PANEL HEIGHT! 





(metered) (unmetered) 

MODEL C-880M: 0-200 VDC, 0-800 MA.370.00 MODEL C-880: 0-200 VDC, 0-800 MA. .340.00 
MODEL C-881M: 125-325 VDC, 0-800 MA.345.00 MODEL C-881: 125-325 VDC, 0-800 MA. .315.00 
MODEL C-882M: 325-525 VDC, 0-800 MA.390.00 MODEL C-882: 325-525 VDC, 0-800 MA. .360.00 





400 MA MODELS NEED ONLY 5%" OF PANEL HEIGHT! 


(metered) (unmetered) 

MODEL C-480M: 0-200 VDC, 0-400 MA.289.50 MODEL C-480: 0-200 VDC, 0-400 MA. .259.50 
MODEL C-481M: 125-325 VDC, 0-400 MA.274.50 MODEL C-481: 125-325 VDC, 0-400 MA. .244.50 
MODEL C-482M: 325-525 VDC, 0-400 MA.289.50 MODEL C-482: 325-525 VDC, 0-400 MA. .259.50 








200 MA MODELS NEED ONLY 5%" OF PANEL HEIGHT! 


(metered) (unmetered) 

MODEL C-280M: 0-200 VDC, 0-200 MA.214.50 MODEL C-280: 0-200 VDC, 0-200 MA. . 184.50 
MODEL C-281M: 125-325 VDC, 0-200 MA. 189.50 MODEL C-281: 125-325 VDC, 0-200 MA. . 159.50 
MODEL C-282M: 325-525 VDC, 0-200 MA. 199.50 MODEL C-282: 325-525 VDC, 0-200 MA. . 169.50 








For all power supply need 
through 1.5 amperes: 


LAMBDA 


J Vi 


POWER SUPPLIES 


Less space! Improved performance! 
Long, trouble-free service! 


Transient free output! 


Fills the need for compact, regulated DC power sup 
plies. Economy of panel space, functional simplici 
new quick-service features. 

Wiring, tubes and other components readily a 
sible. You can reach them easily, service them fa 

400 MA, 800 MA, and 1.5 ampere models includ 
new, high-efficiency, long-life, hermetically-sealed 
semi-conductor rectifiers. All Com-Pak models ar 
constructed with hermetically-sealed magnetic co 
ponents and capacitors for long trouble-free service 


Condensed Data 


LINE REGULATION Better than 0.15% or 0. 
Volt, whichever is greater. 


.Better than 0.25% or 0. 
Volt, whichever is greater. 


LOAD REGULATION .. 


INTERNAL IMPEDANCE 


C- 200 Series .... 
C- 400 Series .... 
C- 800 Series 

C-1500 Series .... 


. Less than 6 ohms. 
. Less than 3 ohms. 
Less than 1.5 ohms. 
. Less than 0.75 ohms. 
RIPPLE AND NOISE Less than 3 millivolts rms. 
Either positive or negativ 
may be grounded. 
AMBIENT TEMPERATURE... . . Continuous duty at full le 
up to 50°C (122°F) ambient 
AC OUTPUT 
(unregulated) ........... 6.5 VAC (at 115 VAC Input 
C- 200 Series .....10 AMP 
C- 400 Series .....15 AMP 
C- 800 Series .....20 AMP 
C-1500 Series .30 AMP 


AC INPUT . 105-125 VAC, 50-400 CPS§ 


OVERLOAD PROTECTION AC and DC fuses; built-i 


blown-fuse indicators. 








Lamba 
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SEND FOR COMPLETE 32-PAGE CATALOG 


Contains ful! information and specifications on Lambda’s full 
line of transistor-regulated and tube-regulated power supplies. 


ALL LAMBDA POWER SUPPLIES ARE GUARANTEED FOR FIVE YEARS. 


LAMBDA ELECTRONICS CORP. 


11-11 131 Street, College Point S6, N. Y. 
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The New 
FERRANTI TRS 
Transistorized 
Tape Reader 


This is an advanced design embodying 
broad experience gained from earlier Fer- 
ranti tape reader models. 


It employs new transistorized circuits and 
a photoelectric system of reading . 
offers the advantage of speedier input of 
data, compactness, light weight. 

Many design features to meet practical 
requirements of the user. Power supply 
is self-contained. 


Write for detailed information. 


FERRANTI 
ELECTRIC, INC. 


ELECTRONICS DIVISION 
95 MADISON AVE., HEMPSTEAD, N.Y. 
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TAPE WIDTHS: 


5, 6, 7 or 8 level, all 
types and colors. 


SPEED: 
Any speed up to 330 
chars/sec, under external 
control. 


4 i emg te). lett 


All solid state, including 
solar cell reading head, 
signal -amplifiers, logical 
circuits, control circuits 
and power supplies. 


INPUTS: 


115V 60 cps 115 Watts 
power, —2 V 100 micro- 
amp start signal. 


OUTPUTS: 
8 signal outputs, ~ 1.5 
iC) 3.5 V 5 milliamps 
plus reader ready signal: 


SIZE: 
9%” x-11%” x 10” 
Weight 32 Ibs 


FINISH: 
Gray wrinkle 
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. . « Italian chromatograph, 
Fractomatic 110, debuts . . 


with slits around the rim by pressing 
a registering ring against the piston. 
The slits alternately pass and interpret 
the light beams of three photocells 
set above the wheel. For every 5 mm 
movement forward (or backward) of 
the piston, the cells send out pulses 
(the sequence of the pulses depends 
on which way the piston is moving) 
which advance (or retract) a digital 
readout one figure. 

* Process instruments too—F or proc 
ess users, one of the new products on 
display was the Fractomatic 110, an 
industrial chromatograph built by 
Carlo Erba Co. for continuous auto- 
matic plant stream monitoring. It 
is based on the absorption or partition 
method of gas chromatography. Main 
parts: an analyzer unit, control unit, 
and recording unit. 

Continuing the electronic trend, 
the instrument has a high sensitivity 
electronic controller to maintain con 
stant temperature of the metallic cyl 
inder on which the chromatographic 
spiral shaped column is mounted. And 
the detector has a transistorized de 
power supply. 

The Fractomatic 110 can _ be 
equipped with a special calculating 
unit so that the chromatograph can be 
inserted in the automatic control loop 
of a process. ‘This additional unit 
contains an electronic integrator and 
four memory complexes which pro- 
vide continuous visible indication and 
electrical signals related to the concen- 
tration of four components chosen 
from the mixture to be analyzed. The 
electrical signals can be fed to con- 
ventional regulators, closing the loop. 

¢ Sedimentation scale—Another elec- 
tronic instrument displayed by Erba 
was a sedimentation scale for granulo- 
metric analysis. The device, made 
under a license from the German 
company Sartorious-Werke A.G., au- 
tomatically records the weight in- 
crease of sediment deposited on a 
scale plate as a function of time. ‘The 
resulting plot shows the distribution 
of sediment within one micron. 

To date, German and U. S. manu- 
facturers have supplied the bulk of 
control equipment used in Italy, with 
U. S. makers holding an edge because 
many users feel German control is too 
expensive. But the spurt of new ac- 
tivity in Italy’s own control industry 
seems sure to slice the share of the 
market held by foreign producers. 

—Gene Di Raimondo 
McGraw-Hill World News 
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Looking for the newest, most com- 
plete line of General Purpose Switches? 


Acro’s newly designed model B and F switches will meet 
your toughest electrical and mechanical requirements 








Just check Acro’s brand new features! 


NEW! Up to 21 amp, 2 HP in the F series! 

NEW! Moulded-in terminal posts, with blind tap holes, 
keep out dust and contamination. 

NEW! And now Acro offers the most complete line of 
actuators. Shown are just 10 of the complete series. 


1. NEW! Acro’s clip-on cover construction, which requires 
no drilling or pinning, eliminates bakelite dust particles 
from contaminating the contacts. 

2. NEW! Acro’s famous rolling spring principle insures low 
minimized contact bounce. This gives you high horse- 
power rating and longer electrical life. 


U.L. Approved 15 AMP 120-240-480 V.A.C. 2 AMP, 120 V.D.C., % AMP, 240 V.D.C. 
For detailed specifications and prices write for Catalog B. 


S & 


model B switches 


BRD2-5L-1S 
Leaf Actuator 
Operating Characteristics 
Operating force 5 oz. max. 
Release force ¥/2 OZ. min. 
Pretravel .156 max 
Overtravel 1/32 min. 
Movement diff. .050 max. 


model F 


FAD2-1A-1S 
Pin Actuator 


Operating Characteristics 
Operating force 
Release force .. 
Pretrave! 


Movement diff. 


10-18 oz. 
6 0z. min. 
= max. 
Overtravel ... min. 
6075 max. 


BRD2-70-1S 
Short Overtravel Plunger 


Operating Characteristics 
Operating force .. 9-13 oz 
Release force . 1 0z. min 
Pretravel 010-.025 
Overtravel 1/16 min. 
Movement diff. .003 max 


BRD2-LW8-1S 
Overtravel Leaf 
Actuator (long) 

Operating Characteristics 
Operating force 21/2 oz. max 
Release force 2 oz. min 
Pretravel 9/32-13/32 
Overtravel 187 min 
Movement diff. .016-.078 


BRD2-24P-1S 
Roller Panel Mount 

Operating Characteristics 
Operating force 9-13 o7 
Release force 4 oz. min 
010-.025 
140 min 
.003 max 


Pretravel 
Overtravel 
Movement diff. . 


BRD2-LW228-1S 
Overtravel Roller 
Leaf Actuator (short) 
Operating Characteristics 
Operating force 6 oz. max. 
Release force 142 oz. min. 
Pretravel .... .045-.140 
Overtravel -080 min 
Movement diff. -006-.031 


U.L. Approved 21 Amp, 120-240-480 V.A.C., 1 H.P. 120 V.A.C., 2 H.P. 240 V.ALC. 
For detailea specifications and prices write for Catalog F 


FAD2-10-1S 
Long Overtravel Plunger 


Operating Characteristics 
— force 
Release fo 
Pretravel ... 
Overtravel . 
Movement diff. 


10-18 oz. 
rce 6 oz. min. 
.050 max. 

. 1/16 min. 
.0075 max. 


FAD2-3P-1$ 
Large Overtravel Plunger 


Operating Characteristics 
—— force 10-18 oz. 
Release force .. 6 0z. min. 
Pretravel 050 max. 
Overtravel 7/32 min. 
Movement diff 0075 max. 


FAD2-5L-1S 
Leaf Actuator 


Operating Characteristics 
Operating force 9 oz. max. 
Release force 1 oz. min 
Pretravel 11/32 max 
Overtravel 1/32 min 
Movement diff. .065 max 


FAD2-2M-1S 
Roller Leaf Actuator 


Operating Characteristics 
Operating force 9 oz. max. 
Release force . 1 oz. min, 
Pretravel . 11/32 max. 
Overtravel 1/32 min. 
Movement diff. -065 max. 


for detailed specifications and prices write for catalogs “B”’ and “F’’. 


Free engineering service. Our engineers will be happy to pit their pro- 
fessional experience against your tough switching problem. Just tell us 


what it is . 


ACRO DIVISION Robertohaw 


COLUMBUS 16, OHIO 


. we'll recommend ways to solve it. No obligation, of course. 


RELAYS 


ATCT RIO) 
SWITCHES 
“OUR 2ist YEAR” 
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Why pay for an expensive alignment tel- 
escope when a Tinsley Autocollimator may 
meet your requirements for hundreds of 
dollars less? The Tinsley Autocollimator is 
easily capable of reading precise angles to 
Y minute accuracy. 20 power. Inter- 
changeable light source and eyepiece for 
viewing from end or side. Fits standard 
fixtures. Economical and dependably ac- 
curate. Write for price and information. 


TINSLEY 


LABORATORIES, INC. 


2526 Grove Street - Berkeley 4, California 
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AROUND THE BUSINESS LOOP 


Optical Versus 
Magnetic Reading 


How should documents be read 
by machine—optically or mag- 
netically? A small company with 
an optical reader tackles the 
giants and magnetic readers. 


NEEDHAM, MASS. 

Input preparation, the big problem 
in automatic data processing, 1s on the 
verge of solution. Optical and mag- 
netic readers are now available to con- 
vert written information to punched 
cards, punched tape, or magnetic tape 
for electronic processing. ‘The big 
question facing users of data process- 
ing is which equipment to choose— 
magnetic or optical? 

The Farrington Mfg. Co., small 
compared to the standards of U.S. big 
corporations, has the U.S. optical 
reader business to itself. Opposing it 
with magnetic readers is some impos- 
ing competition: IBM, Burroughs, Na- 
tional Cash Register, and General 
Electric. Still, Farrington is basing 
its hopes for sensational growth in the 
next five years on the optical reader. 

¢ Started in an attic—I‘arrington’s 
reader is the brainchild of David 
Shepard, who first got the idea while 
working in a_ federal government 
agency and watching the mountain of 
paperwork being read by fellow em- 
ployees. He started tinkering in his 
attic, trying to build a machine that 
would read with an electronic flying 
spot scanner—much the way a televi- 
sion picture is reproduced. Striving 
to improve the reliability of his read- 
ing machine, Shepard switched to an 
electromechanical optical scanner. Al- 
though the optical scan was slower, it 
operated virtually trouble-free, __re- 
quired little maintenance, and was 
economic to build. 

In 1954 he built the first working 
optical reader to read travelers checks 
for the Bank of America. Stanford 
Research Institute was to build the 
paper handling equipment and inte- 
grate the reader into a complete data 
processing system. 

Disaster then struck the optical 
reader. ‘The datcline area on the 
checks was just above the numbers 
which the reader had to recognize. 
When check writers scrawled their 
locations across the numbers, the 
optical reader went blind. Faced with 


this dilemma, and fearing other possi- 
ble interferences, Stanford Research 
Institute engineers took an obvious 
way out: switched to magnetic reading 
which worked (CtE, July 1958, p. 79). 

Calamities compounded for the op- 
tical reader. Because of the success of 
the Bank of America travelers check 
processor, the American Banking Asso- 
ciation decided to adopt magnetic 
characters as the standard for check 
processing. With ABA standardization 
assured, the big office machine mak- 
ers developed magnetic reading equip- 
ment and started to publicize the new 
gear throughout the country. 

¢Optics snap back — Meanwhile, 
Shepard continued to work on opti- 
cal readers at his small Intelligent 
Machines Research Corp. in Arlington, 
Va. He solved the interference prob- 
lem by using a glossy ink for the num- 
bers, and then reading the gloss rather 
than the numbers themselves. In 
1955 he sold a machine to Readers 
Digest Association to process orders 
received by its book club. 

The Readers Digest installation 
gave new heart to supporters of optical 
readers. It worked without a hitch 
(and is still working, paying for itself 
every six months). 

\t Readers Digest Shepard ma- 
chine reads names and addresses from 
book orders, codes them, and puts 
them on punched cards. Before the 
unit was installed, the Digest had to 
hire and train 150 key-punch opera- 
tors twice a year to handle its seasonal 
book business. 

Meanwhile, IMR had aroused the 
interest of Farrington which took the 
optical reader to oil companies as an 
obvious means of handling credit card 
inputs. A special version of the unit 
was developed and marketed under 
the trade name of Scandex. It will 
read the account number on_ the 
credit slip received from a service sta- 
tion and convert the invoice into a 
punched card ready for further proc- 
essing at rates up to 180 per min. 
Scandex has slowly won the approval 
of the oil industry; 16 units have been 
sold. 

¢ Enter Farrington—In 1958 the in- 
vestment company which owned Far- 
rington Mfg. Co., maker of many of 
the credit card imprinters used by oil 
companies, became dissatisfied with 
the way company sales had plateaued. 
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DAYSTROM’S) NEW MULTIPOT® ELIMINATES 
PROTRUDING SIDE TERMINALS —> (Q) 
PROVIDES 25% BETTER PACKAGING DENSITY 


For general test equipment and computer applications, 
there's no beating the low cost and easy access of 
Daystrom’s miniature Series 450 MULTIPOT®. The 
rear-mounted terminals of this 10-turn potentiometer 
cut assembly time, reduce space requirements... and 
you pay no premium for miniaturization. 


The Series 450 offers standard resistance from 1K to 
250K ... has a 24/-watt power rating... operates from 
—65°C to +100°C. 
For complete specifications, write for Data File CE-861-2 


Openings Exist for Qualified Engineers. 





i 
DaYSTROM PACIFIC 


@ division of DAYSTROM, INC, 
9320 LINCOLN BLVD., LOS ANGELES 45, CALIFORNIA 
potentiometers / gyro instruments / airborne systems 
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1010 Series 





A good question: why do we have nine differ- 
ent temperature regulators, when one should do the 
job? 

Because one can’t do the job: there are too 
many jobs, with too many different needs. 

Even with nine it could be a problem—except 
for our flexibility of design that provides for almost 
limitless variations on the basic models. 

Whatever your temperature problem, we think 
you'll find the answer here. Let’s check ‘em out!... 


1001 Series: Wide temperature ranges from —30°F. to 
480°F. Valve sizes 4 to 2” single seated; %” through 
4" double seated; 4’ through 2” three-way. Smallest 
practical bulb size; wider proportional band for stability. 
1003 Series: 55°-60°F. adjustable ranges from —25° to 
455°F. Valve sizes “4 through 2” single; %” through 
4” double; %” through 3” three-way. Small bulb size; 
intermediate proportional band. Indicating thermometer 
optional. Commonly used sizes and ranges available 
from stock. 

1004 Series: For larger valves or higher pressure drops. 
Narrow proportional band. 40°F. adjustable ranges, —35 
to 425°F. Valve sizes 4-2" single; %-6" double; \4"- 
6” three-way. Thermometer optional. 

1006 Series- 1007 Series: Fail-safe; damage to thermal 
system automatically opens or closes valve as required. 
30°F. adjustable ranges, —50 to 325°F. Valve sizes 
(1006): %4’-%” single; 34-2 double — (1007): %-2” 
single; %4-4" double; %’-3" three-way. 

1008 Series: Crank provides quick adjustment of control 
point. Same characteristics and valve sizes as 1003. 
Thermometer optional. 





1009 Series: Crank for manual positioning of valve dur- 
ing start-up or abnormal conditions. Same characteristics 
and sizes as 1003. Thermometer optional. 

1010 Series; Our biggest regulator . . . designed exclu- 
sively for 3” through 6” three-way valves. Manual valve 
positioner. 

1011 Series: Unique all stainless steel regulator for cor- 
rosive locations. Same characteristics and sizes as 1003. 


No other manufacturer offers such a variety of 
temperature regulators designed for specific needs. 
Write today for full specifications. 

Ask for Catalog D-AW. 


® 


MR. CONTROLS 


ROBERTSHAW-FULTON CONTROLS COMPANY 3a 
FULTON SYLPHON DIVISION ¢ KNOXVILLE 1, TENNESSEE 
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| WHAT’S NEW 


To do something about it, Farring- 
ton’s top management was reorgan- 
ized, and young William Tetrick was 
brought in as executive vice-president 
to be groomed for the presidency. 

One of Tetrick’s first steps after be- 
coming president early in 1959 was to 
buy Intelligent Machines Research 
because it was a natural extension of 
Farrington’s interest in credit cards. 
In addition, Farrington’s former man- 
agement had built too big a plant at 
Needham; since IMR needed produc- 
tive capacity to get volume production 
of its _— reader, the acquisition 
promised to improve the utilization of 
Farrington’s facility. Manufacture of 
optical readers will begin in Needham 
at the start of 1960. Shepard, the 
optical-reader pioneer joined Farring- 
ton as vice-president in charge of re- 
search and development. 

¢ Optical explosion — Tetrick has 
geared Farrington’s substantial plans 
for growth to the optical reader. The 
company’s 1959 sales ran a little over 
$11 million. Tetrick expects 1960 sales 
will hit $20 to $22 million (that in- 
cludes all of the other Farrington 
products: credit cards, credit card im- 
printers, display cases, and printed 
circuits). Data processing sales are 
estimated to run only $5 million in 
1960, but tetrick expects data process- 
ing sales to double each year for the 
next three years! 

One thing that encourages Tetrick’s 
staff is that the builders of magnetic 
readers have now run into troubles 
which seem every bit as bad as those 
that Shepherd ran into with his first 
optical check reader. Magnetic read- 
ers require that the magnetic numerals 
be printed with an accuracy that many 
commercial printers cannot now meet. 
The printer has to keep the amount 
of ferrites in the magnetic inked fig- 
ures within 5 percent, something not 
too easy on most presses. And hold- 
ing tolerances to a few thousandths of 
an inch is equally troublesome. 

¢Proved applications—The almost 
clear field in optical reading (National 
Cash Register Co. now has an optical 
reader too) and the obstacles in the 
magnetic reader add up to a bright 
market picture in the eyes of Farring- 
ton’s executives. Executive Vice-Pres- 
ident Russ Harrell says “You can’t 
name a single application of auto- 
matic data processing in which the 
optical reader won’t prove practical.” 

Probably the fastest growing use of 
optical readers (outside the oil com- 
pany credit slips) has been in cash 
accounting. The machines read the 
receipts returned with monthly pay- 
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Save *4,840 a month 
with the Stromberg-Carlson S-C 4020 


high-speed computer readout 


MICROFILM 
PRINTER 


Here’s a typical example of how the 
Stromberg-Carlson S-C 4020 high- 
speed microfilm printer can save as 
much as $4,840 a month. Assume that 
an average of 2,100 graphs with 375 
points each are required each month. 
Twenty-five engineering aids can do 
this work by hand at an estimated cost 
of $8,800 a month. One S-C 4020 high- 
speed printer can do the same work for 
$3,960 ...a saving of $4,840. 
High-speed graph plotting is just one 
of the ways the S-C 4020 can save you 


time and money. It is ideal for all kinds 
of high-speed computer printing, filing 
and archive storage. It will record on 
microfilm at the rate of 15,000 plotting 
points or alphanumeric characters a sec- 
ond—either on-line or off-line. The 
unique CHARACTRON® shaped beam 
tube assures top quality reproduction 
of both tabular and graphic material. 

Selected data, either tabular or 
graphic, may be projected on an acces- 
sory viewing screen only 8 seconds 
after film exposure. The projection unit 


is useful for monitoring computers. 
The S-C 4020 has been proven reli- 
able in actual service at such installa- 
tions as the U.S. Navy’s David Taylor 
Model Basin, Carderock, Md. Printers 
are in production right now. You can 
have your own printer saving hundreds 
of valuable engineering man-hours 
within six months. 
LITERATURE AVAILABLE Write to Dept. 
A-17, Stromberg-Carlson-San Diego, 
1895 Hancock Street, San Diego 12, 
California. 


STROMBERG -CARLSON-SAN DIEGO 
a o1vision ofr GENERAL DYNAMICS CORPORATION 
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BRYANT 


offers you 


a complete line 


... of Standard 
“Quick Delivery” 
Magnetic 
Storage Drums 


Bryant's three new series of 5”, 7.5” and 
10” diameter standard drums offer im- 
pressive savings plus prompt delivery. 
These series, covering the majority of 
computer requirements, are: 

TRACKS BIT CAPACITY R.P.M. 

85 to 280 174,080 to 569,344 3,600 to 24,000 
85 to 280 261,220 to 860,160 1,800 to 12,000 
85 to 420 348,160 to 1,720,320 1,800 to 6,000 


All Bryant standard magnetic drums are 
made to the same precision standards as 
are Bryant custom-designed drums. A 
few of their many features: 1. Drums are 
precision ground and dynamically bal- 
anced. Guaranteed less than .0001” 
dynamic runout. 2. Powered by exclu- 
sive Bryant-designed-and-manufactured 
integral drive induction motors. 3. Super- 
precision ball bearings. 4. Exclusive 

Bryant tapered drum head-setting 
method, guaranteeing exact head-to- 
drum spacing. 5. Standard heads provid- 
ing .200"” minimum register arc length. 

6. Compatible with MIL-E-4158A and 


WHAT’S NEW 


ments and prepare punched cards of 
the amount and amount paid. New 
York Telephone Co. may buy as many 
as 20 of the machines for this purpose. 
Cost: about $25,000 each. But the 
market extends to life insurance and 
loan companies and utilities. 

In banking operations the machines 
can be used to handle large volume 
check disbursements such as dividend 
payments for a big corporation or pay 
checks. In addition, the machine can 
be designed to spot checks that are re- 
turned with changes of address. 

The American Telephone and Tele- 
graph Co. is using an optical reader 
to help keep track of proxies for stock- 
holder meetings. AT&T already has 
four machines, has one more on order. 
The machines read returned proxies to 
determine which of the company’s 
huge number of shareholders have not 
returned proxies so that second no- 
tices can be sent to those not replying. 

«New applications—-Some of the 
newer applications of optical readers 
have been getting more publicity than 
the well proven ones. 

> Item: Farrington has built an au- 
tomatic reading machine for the Air 
Force that will read a page of hard 
copy and convert it to punched tape 
which can run a teletype machine. 
The Air Force is interested in the 
machine to mechanize its giant com- 
munications operation. 

> Item: the Post Office has a proto- 
tvpe optical reader that can read typed 
addresses on mail for sorting. Farring- 
ton is now building an improved 
version of the machine. 

Item: Arizona Public Service is 
currently testing a prototype system 
for aiding utility meter readers. In 
most utilities, after reading a meter, the 
utility’s field representative writes the 
reading down; later it is copied and 
put on punched cards. Frequently, 
however, the field man’s writing is so 
bad that the reading is not decipher- 
able. With Farrington’s prototype sys- 
tem, the reader will imprint the read- 
ings with a portable (weighing 4 
pounds) device on a tape prepared in 
the utility's computer. When _ this 
tape is returned to the central office, 
the optical reader will scan it, sending 
the new reading into the computer 
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MIL-E-16400-B specifications. Bryant 
Computer Products Division, P.O. Box 
620L, Springfield, Vermont, U.S.A. 


which will then bill the customer. 
ePaper work automation — Some 
new applications of readers still on the 
drawing boards promise a whole revo- 
lution in office paper work. For ex- 
ample, Farrington researchers have 
developed a system for printing airline 
tickets quickly so they can be read by 
an optical reader to prepare account- 
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ing statements for the airline. And a 
joint project with the National Retail 
Merchants Association may result in 
a new method of recording purchases 
at point of sale. 
¢ Place for both—l'arrington has no 
delusions about optical readers taking 
over the field completely. Both Har- 
rell and ‘Tetrick point out that too 
much time and money has already 
been invested in magnetic readers for 
their suppliers to drop them. Manu- 
facturers of magnetic readers, say the 
Farrington executives, will solve their 
problems just as Shepard solved his 
in the optical reader ' 
Tetrick is so sure of this that he has 
the research team headed by Shep- 
ard working on a magnetic reader 
which will read magnetic figures the 
same way the optical reader reads ordi- 
nary printing. The device should be 
tested in 1960. 
—Lewis H. Young 


Intec Imports Ideas, 
Produces Hardware 


MINEOLA, N. Y.— 

Instrument ideas developed in Eu- 
rope are being imported to Long 
Island and converted to production 
hardware by the International Elec- 
tronics Corp., a relatively new com- 
pany with king-sized growth plans. 
After a slow start in 1956, Intec has 
more than doubled its sales in each 
succeeding year, expects to triple 1959 
sales of $3.3 million in 1960. 

Intec got its start when executives 
at Airborne Instruments Laboratory 
became intrigued with developments 
they heard about in Europe. AIL de- 
cided to set up a subsidiary, com- 
pletely apart from AIL and its heavily 
inilitary-oriented business, to market 
such ideas. 

The company was formed in 1956 
with a truly international flavor. ‘Tech- 
nical support was to be supplied by 
AIL and Compagnie de Generale de 
Telegraphie Sans Fil (CSF) in Paris. 
Additional financial backing came 
from The American Research and De- 
velopment Company (The Laurence 
Rockefeller organization), J. P. Mor- 
gan & Company (now the Morgan 
Guaranty Trust Company), and the 
Bank of Paris. 

In 1956 the company made its 
American debut by renting a portable 
TV camera to the Columbia Broad- 
casting System for coverage of the 
Democratic and Republican national 
conventions. The _ battery-powered 
cameras, a CSF design, worked _per- 
fectly, but the power requirements 
were so large that the cameras had an 
insatiable demand for batteries. When 
the conventions ended, Intec returned 
the cameras (CP-102) to CSF’s re- 
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We HEATHKIT V-7A 
Kit model $9 5% 


, HEATHKIT W-V-7A 
Wired model $35%5 


NOW... THE WORLD'S 


LARGEST SELLING VTVM 


in wired or kit form 


e@ ETCHED CIRCUIT BOARDS FOR EASY ASSEMBLY, STABLE PERFORMANCE 
© 1% PRECISION RESISTORS FOR HIGH ACCURACY 
@ LARGE, EASY-TO-READ 41/2’ 200 UA METER 


The fact that the V-7A has found its way into more shops, labs and homes 
around the world than any other single instrument of its kind attests to its 
amazing popularity and proven design. Featured are seven AC (RMS) 
and DC voltage ranges up to 1500; seven peak-to-peak ranges up to 4,000; 
and seven ohmmeter ranges with multiplying factors from unity to one 
million. A zero center scale db range is provided and a convenient polarity 
reversing switch is employed for DC operation, making it unnecessary to 
reverse test leads when alternately checking plus and minus voltages. 

A large 414” meter is used for indication, with clear, sharp calibrations for 
all ranges. Precision 1% resistors are used for high accuracy and the 
printed circuit board gives high circuit stability and speeds assembly. The 
11-megohm input resistance of the V-7A reduces “loading” of the circuit 
under test resulting in greater accuracy. Whether you order the factory 
wired ready-to-use model or the easy-to-assemble kit, you will find the 
V-7A one of the finest investments you can make in electronic workshop 
or lab equipment. 


Send for your Free Heathkit Catalog or see 
your nearest authorized Heathkit dealer. 





HEATH COMPANY 
>) a subsidiary of Daystrom, Inc. 
Benton Harbor 36, Michigan 


NAME_ 
IR ccs 
a — ZONE STATE. 


Note: All prices and specifications subject to change without 
notice. Prices net, F.O.B. Benton Harbor, Michigan. 
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CARRY A RECORDER 


Inytohere / 


Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI tape recorder/reproducer 
as you would any other item of test equipment. 


Instead of 1,000-Ib. cabinets, requiring 1000 watts, you're working 
with recorders 10 times smaller and lighter, using 250 watts or less. 


In the field, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won't go. One 
man can carry a rugged PI recorder to virtually any test site. 


How did PI put precision in a small package? By combining transistor- 
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment. 


May we suggest you call your PI representative to arrange a demon- 
stration? If you are uncertain who he is, please write direct. Address 
Dept. C 1. 


Precision Is Portable 


PRECISION INSTRUMENT COMPANY 


1011 COMMERCIAL STREET * SAN CARLOS, CALIFORNIA * PHONE: LYTELL 1-4441 
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WHAT‘S NEW. 


. . . for 1960, new products 
may triple Intec’s sales . . 


search laboratories. Total sales in 1956 
added up to a puny $10,000. The 
CP-102 has since been completely re- 
developed with a much lower power 
requirement. Today it is a formidable 
contender in the low cost portable 
camera business. 

Intec’s next European import, how- 
ever, turned out much better, finally 
started the company growing. The de- 
velopment was the “Frenchecon”, a 
scan conversion tube. This device, also 
developed by CSF laboratories, con- 
verts electronic information such as 
that stemming from radar to a bright 
TV display. It can receive informa- 
tion at one rate, and turn it out at 
another. The tube has built-in storage 
or memory capability. 

The first U. S. scan conversion geat 
(called a video transformation tube 
by Intec) was tested by the Civil 
Aeronautics Administration at its In- 
dianapolis Technical Center. It won 
a resounding approval and CAA or- 
dered the tube for control towers at 
Indianapolis, Washington (D.C.), 
ind Idlewild (New York City) airports. 
loday, the Federal Aviation Agency 
(successor organization to CAA) has 
installed 50 Intec video transforma 
tion tubes. And the Navy is buying 
Intec-built radar-to-television scan con- 
version systems for its Radar Air 
Traffic Control Centers. 

At the end of 1959, Intec purchased 
Westbury Electronics to provide ad- 
ditional production capacity. And In- 
tec buttressed its product line by add- 
ing the Westbury line of TV equip- 
ment and magnetic amplifiers. In 
1959, component sales reached over 
$300,000. 

Intec’s sales goal for 1960 is $10 
million. To reach this, the company 
is counting on continued sales of its 
scan conversion tube systems and 
tubes, its magnetic amplifier line, and 
community antenna systems which 
Westbury Electronics has made. In 
addition, Intec has some new products 
to offer: an accurate direct reading, 
transistorized radio altimeter designed 
primarily for helicopters, moving tar- 
get indicator tubes, and dual and 
triple frequency diversity radar which 
combines a short and long range radar 
in one system, for greater reliabilits 
and more complete coverage. 

To put foreign developments on 
the U. S. market, Intec first has to 
study the engineering differences, then 
redesigns for compatibility, ‘“Ameri- 
canizes”, and operates the equipment 
in a test or operational environment. 
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new 
from 


Hoxboro 


ABSOLUTE PRESSURE d/p CELL TRANSMITTER 
with full-power 3-15 psi signal 


Now there’s a Foxboro d/p Cell de- 
signed specifically for low pressure 
measurement and transmission. It’s 
the new Type 13AA Absolute Pres- 
sure Transmitter. 

One side of the 13AA is evacuated, 
providing an absolute zero reference 
for the measurement of any process 
pressure, The 3-15 psi output signal 
has ample power for direct operation 
of standard receiver recorders and 
controllers, 

This transmitter is simple in con- 
struction for trouble-free service. It 


FOXBORO 


JANUARY 1960 


provides for easy draining, steam 
tracing, and cleaning by regular 
maintenance procedures. Type 316 
S.S. construction. Positive overrange 
protection to 1500 psi. 

The 13AA Absolute Pressure Trans- 
mitter is ideal for use with such proc- 
ess equipment as low pressure frac- 
tionating columns, evaporators, and 
vacuum crystallizers. Ask your Fox- 
boro Field Engineer for detailed in- 
formation, or write for Bulletin 
458-22A. The Foxboro Company, 
851 Neponset Ave., Foxboro, Mass. 





REG Ss 


process instrumentation 


Specifications: 


Range Spans: Adjustable 
100 to 450 and 400 to 
1500 mm of mercury 


Output: 3-15 psi or 0.2— 
1.0 kg/cm" 


Accuracy: 0.5 percent of full 
scale span on most ranges 
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TIE TIMING SIGNALS 


to different recording media with 


HERMES TIMING EQUIPMENT 


Model 270 
DIGITAL 
TIMING GENERATOR 


Model 220 
RETARDED 
BIT RATE UNIT 


Model 202 
MAGNETIC 
TAPE SEARCH UNIT 


Hermes Timing Equipment is specifically designed 
to correlate precise timing signals with data on differ- 
ent recording media such as recording cameras, 
plotting boards, strip charts and high or low speed 
oscillographs. This timing equipment consists of a 
Digital Timing Generator and Retarded Bit Rate 
Unit which operate during periods of data acquisition 
and a Magnetic Tape Search Unit which operates 
during periods of data reduction. 

Digital Timing Generator, Model 270, is an all 
solid-state instrument which generates binary coded 
decimal signals as recorded on magnetic -tape pro- 
viding a precise digital index in terms of elapsed time. 
The Generator also visually displays the exact time 
in hours, minutes, and seconds as illuminated digits. 
An Airborne Digital Timing Generator, Model 206A, 
which meets all the essential requirements of MIL-E 
5400 is also available. 

Retarded Bit Rate Unit, Model 220, operates in 
conjunction with Timing Generators, Models 270 or 
206A, to provide a pulse-height, pulse-width signal, 
for recording time on equipments other than mag- 
netic tape recorders. 

Magnetic Tape Search Unit, Model 202, is used 
to control a magnetic tape transport during periods 
of data reduction for automatically searching the 
tape on the basis of time indices previously recorded 
by any one of the two Timing Generators. The 
Retarded Bit Rate Unit, Model 220, can also be used 
with Model 202 for reproducing time on oscillographs 
as previously recorded on the tape. 

Auxiliary equipment including a Run Code Selec- 
tor, Model 225, for inserting data run code numbers 
and a Tape Input Programmer, Model 230, for auto- 
matically programming tape search are also available. 


Write for Technical Bulletins 
on Hermes Timing Equipment. 


Hermes Electronics Co. 
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WHAT’S NEW 


GPE Shuffles; 4 Divisions 
Emerge in New Setup 


General Precision Equipment Corp. 
has responded to the increased em- 
phasis on complete systems procure- 
ment through the means of a new 
organizational lincup. Formerly the 
firm could not bid on systems con- 
tracts except through single subsidia- 
ries; GPE, served only as a holding 
company. 

Now its four principal units are 
included in a new company, General 
Precision, Inc., which can bid based 
on the combined capabilities of its 
four divisions: General Precision Labo- 
ratory (Pleasantville, N. Y.), Kearfott 
Co. (Little Falls, N. J.), Librascope 
(Glendale, Calif.), and Link Aviation 
(Binghamton, N. Y.). 

GPE. is also aiming for improve- 
ments through greater efficiency, flexi- 
bilitv, and standardization as result of 
the management consolidation. GPE’s 
electronics business has increased to 
such an extent that the 1960 sales of 
the four divisions included in the new 
company are expected to equal this 
vear’s total’ GPE sales (forecasted at 
$200 million). Estimated 1959 sales 
for the four-division group are $177.3 
million. 

Interesting to note in the complex 
GPE. scheme is the growing interest 
of The Martin Co. (primarily a mis- 
sile maker). Latest reports show that 
Martin now holds 183,700 shares or 
16.3 percent of GPE ownership. ‘This 
shows an increase of almost 17 per- 
cent of the last reported holdings 
(Oct. 10). Martin is GPE’s largest 
single stockholder; it is also one of 
GFE’s prime customers. 

GPE shuffling is also going on in 
England where the British subsidiary 
of the company, Air Trainers Link 
Ltd., has been renamed General Pre- 
cision Systems Ltd. Outlook: an up- 
coming push by GPE to sell its GPL- 
designed air traffic control system 
(prototvpes ordered by the Federal 
Aviation Agency) in Europe and the 
Commonwealth markets. A_ special 
ATC division has been set up to be 
headed by British Overseas Airways 
Corp.’s former control and navigation 
superintendent, Edward Pike. 

Refinancing has raised the issued 
share capital from $910,000 to $1.7 
million. GPE retains 53 percent con- 
trol of the company, but 25 percent 
of the remainder has been acquired by 
Decca Radar Ltd. Their role: provide 
the radar and display systems for the 
GPS ATC. Flight simulation equip- 
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ment is continued under license from 
Link Aviation, and the company’s 
industrial controls division, still in its 
infancy, will supplement its home- 
grown development through manufac- 
turing licenses from GPE. 


Russian-Capitalist Trade 
Increases 16 Percent 


Soviet trade with the capitalist 
countries showed a 16 percent in- 
crease in physical volume in 1958 
according to figures recently released 
by the Russian Embassy in Washing- 
ton Lower prices limited the dollar 
increase to 3.7 percent, but the over- 
all total of trade turnover was 9.076 
billion rubles. At the official rate of 
exchange (4 rubles/dollar) this is 
$2.269 billion. The more realistic 
tourist rate (10 rubles/dollar) still 
makes it nearly $908 million. 

Britain still holds a top position on 
Russian trading lists, even though 
trade turnover decreased by about 25 
percent from 1957. Most of this de- 
cline was due to lower prices. During 
1958 the USSR placed a 160 million 
tuble order for a complete tire factory 
and a 45 million ruble one for the 
equipment for gn acetate rayon fac- 
tory. U.S. trade with Russia increased 
18.3 percent, remained insignificant. 

A significant characteristic of Soviet 
exports composition was the substan- 
tial increase in sales of machinery and 
equipment—from 4.6 of the total in 
1956 to 14.6 percent in 1958. The 
bulk of these dianaats was made up 
of equipment for complete factories 
in economically underdeveloped coun- 
tries. Exports of machinery in 1958 
almost equalled imports. 

Largest increase (295 percent) was 
in trade with the United Arab Re- 
public (Syrian Region). Trade with 
India was up 50 percent. A major 
part of this increase was in complete 
sets of equipment such as for the 
Bhilai Iron and Steel Works. 

French trade with Russia increased 
by almost one-half with a decided 
shift in composition marked by an 
increase in Soviet exports of machinery 
and equipment. West Germany ex- 
ported 16.5 percent more to Russia 
in 1958; machinery shipments were up 
60 percent. 


UK Eyes Instrument Show 
In Moscow in 1960 


—LONDON 

British scientific instrument makers 
are hoping to boost sales to Russia by 
holding an exhibition in Moscow, 
probably in the second half of next 
year. The Moscow All Union Cham- 
ber of Commerce invited the British 
Scientific Instrument Manufacturers’ 
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INTER OFFICE MEMO 
FROM: Chief Analytical 
Engineer 


TO: V. P. Marketing 


SUBJECT: Hays Thermal 


Conductivity Analyzer 
More in sorrow than in anger I 
wish to report a eae 
conversation with one of YO 
salesmen, a Melvin Somebody who 
stumbled into our department 
apparently by mistake. I took 
the occasion to ask him in a 
dignified manner what applica- 
tions he was selling for the 
Hays T.C. Analyzer. Eyebrows 
upraised, he queried, "T.C.?" 
"Yes——-T.C.," was my restrained 
reply. 
"Terra Cotta? Tinker to Chance? 


| Tres Chic?" 


I did not blow my top but re- 
plied with simple dignity that 
'T.C." stood for Thermal Con- 
ductivity, a fact I thought was 
well known in what passes for 
our sales organization. At this 
point fas man Melvin had the 
effrontery to pat me lightly on 
the head and wander off, mut- 
tering that he had to work on 
his swindle sheet. 

Mind you, I'm not saying this 
character necessarily represents 
the prevailing ignorance of this 
fine Hays product. But——-it cer- 
tainly seems that intensive edu- 
cation is called for! 


Actually there are at least 


| 31 applications for the Condu- 
| Therm, 
| CS2, butane and benzine! 


including Hz, He, S02, 

And isn't it just remotely 
possible that somewhere, some— 
day a potential user might be 
interested in a Thermat Con- 
ductivity Analyzer with Electric 
Humidity Compensation?--a major 
breakthrough! 

You will remember that, in 
times past, you have implied 
(not too subtly) that our staff 
tends to be slightly technical 
in discussing product perform- 
ance. 


Now, while I seriously doubt 
that this Melvin could under- 
stand roller skates, I am going 
to attempt an explanation of the 
Hays Electric Humidity Compen- 
sation in terms so simple there 
should be no reason why 
any salesman couldn't under- 
stand it. 


As you know, variations in 
water vapor content in the gas 
being analyzed produce errone— 
ous analysis since results are 
usually required on a dry basis. 
This error can be simply stated 
in a specific analysis as 


(4) 


Z 
(Where W=% water vapor 
Z=% gas being analyzed) 





% Error= 


After exhaustive research, we 
have evolved a unique method of 
compensating for this: a water 
vapor sensitive element whose 
resistance varies as the water 
content of the gas. The Vari- 
able resistance introduced into 
the measuring circuit automat— 
ically compensates the analysis 
results. 

As for other features, our 
Condu-Therm Analyzer has divided 
flow assembly, high speed of 
response, simple zero check, 
corrosion-resistant construc-— 
tion, no moving parts and almost 
no maintenance...more features 
than any customer has a right 
to expect and far more than your 
men could remember anyway. 


P.S.-—-Let's get the word out! 
Why not offer our Bulletin 
59-B64l in one of those 
peculiar "Ramblings" ads. 


(I presuse they're sup- 
pose o be ads.) 

P.P.S.--I hope this doesn't 
sound bitter. 


Growing Pains 


A problem encountered in a growing 
company such as ours is keeping our 
national sales force fully up-to-date. 
We've initiated a solution by appointing 
two regional sales managers with a com- 
bined 24 years experience in our field. 


George Heath, of Los Angeles is our 
Western manager, while Al Harrison has 
the Southern region out of Houston. 


‘ESpped. 


President 


THE HAYS CORPORATION * MICHIGAN CITY 37, INDIANA 
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Hang-up ) 


Pop-off 
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“Blackout 


(These are horribie things 
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that can happen to relay contacts.) 


To know and recognize these maladjust- 
ments is to take the first step toward 
avoiding them. They are most apt to show 
up, singly or in concert, when you apply 
a slowly changing energizing signal to a 
relay designed for ‘on-off’ operation only 
(single and sudden glops of power). 


“Pop-off’ is the name someone has given 
to a slow let-up in contact pressure, caus- 
ing the contacts to lightly kiss when they 
should have parted abruptly — a sort of 
disastrously lingering farewell. “Hang-up 
is much the same thing, but occurring at 
or near the other end of the armature’s 
travel: although the armature has moved 
across the gap, the contacts aren’t firmly 
closed —a sort of timid hello. The third 
horror— “blackout” — is complete demor- 
alization of the armature: it stops in mid- 
gap, a victim of friction. This is center- 
neutral operation — when it’s least wanted. 


The only way we know of to avoid these 
things is to get a relay which has been 
intelligently designed and built to operate 


on sliding or slowly changing current. 
The manufacturer has then taken pains 
(and probably gotten a few) to arrange 
the physical and magnetic forces in such 
a way that the armature has no choice 
but to go all the way — quickly and reso- 
lutely — the moment the current reaches 
the operate point. 


| 


The Sigma Series 33 is just | 


such a current-sensitive | 


| 
| 


relay, conscientiously de- | 


signed and manufactured to 
work in your circuit without ever popping 
off, hanging up or blacking out. It is a 
DPDT polarized relay with magnetic bias 
(armature normally occupies one closed 
position when unenergized); has a stand- 
ard operating sensitivity of 200 mw., 
withstands 30 g to 5000 cps vibration and 
100 g shocks with no contact opening, 
energized or not. The price is not that of 
of an on-off relay, but then neither is the 
performance. If you need operation on 
sliding current, a “33” will do the job. 
Bulletin on request. 


SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939) 
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Association (SIMA) to send a delega- 
tion to the Russian capital to explore 
possibilities for a trade show to be 
accompanied by demonstrations and 
lectures. 

The three-man team, representing 
some 180 SIMA members, spent sev- 
eral days in Moscow, but after their 
return no official report was available 
as this issue went to press. However, 
a reliable source at SIMA says that 
the mission was a success and that an 
agreement in principle to hold the 
show had been reached. 

What this exhibit will do to British 
Instrument exports to the USSR is 
anybody’s guess; such trade follows a 
political rather than a commercial pat- 
tern. Shipments of these goods in 
1958 totaled $500,000. Most British 
manufacturers feel that Russians mean 
business and quote the complete tire 
factory and chemical plant (see above 
story) as examples. They point out 
also that it was the Russians who 
issued the invitation. 

SIMA has stated that 36 manufac- 
turers in various fields covered by the 
association already have said they 
would participate if the show does 
come off. SIMA states that recent 
trade with USSR in instruments has 
led it to believe that “a far more sub- 
stantial business could be built up.” 
The Russians, says SIMA, “like the 
quality and special, often unique, 
scope of our instruments”. 


Electrosnap Merges Into 
Controls Co. of America 


Chicago precision switch manufac- 
turer, Electrosnap Corp., has been ab- 
sorbed by Controls Co. of America, 
electrical controls and control systems, 
electric motors, and miniature elec- 
trical products maker with offices in 
Schiller Park, Il. 

The merger which will make no 
change in the number of shares of 
common stock held by Controls Co. 
owners. However, each five shares of 
Electrosnap stock will be converted 
into six shares of Controls Co. com- 
mon. The needed stockholder ap- 
proval was to be voted on at the end 
of December. 


Litton Acquires Top Hand 
At Swedish Register Maker 


Svenska Dataresgister AB, Stock- 
holm, Sweden, will now be controlled 
by Litton Industries, Inc. Litton also 
obtained full ownership of two dis- 
tributing companies for Svenska’s 
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VERSATILITY 


MARKS TMI TYPE RB 
GENERAL PURPOSE MEMORIES 


with a wide range of applications for the 
computer design engineer who eyes costs, 
evaluates his time... and expects high 
speed operation with long term reliability. 


Designed for use in data systems requiring 
small, fast memories compatible with logical 
control at rates to 200 kc. 

Capacity — 128 to 1024 words — 4 to 24 bits 
per word — larger capacities with multiple units. 
5-microsecond load or unload — 8-microsecond 
complete memory cycle. 

Operating Modes — Sequential load and unload 
— random access load and unload — clear/write 
and read/restore memory cycles. Operations 
may be intermixed in any manner desired. 

Input and Output Signals — input may be either 
polarity and may be levels or pulses; output 
signals are levels. 


TELEMETER MAGNETICS Inc 
P.O. Box 329, Culver City, California 
offices and plant: 9937 Jefferson Bivd., Culver City, California 


PIONEERS IN DEVELOPMENT AND MANUFACTURE OF CORE MEMORY PRODUCTS 


JANUARY 


1960 
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GLENNITE* THERMISTOR DESIGN IDEAS 


TRANSISTOR AMPLIFIER 


HOW TO KEEP POWER GAIN CONSTANT 


ON TRANSISTORIZED AMPLIFIERS 


Maintaining constant power gain on transistorized amplifiers has always 
been a problem for computer design engineers. Recent work with 
Glennite Thermistors has provided a simple yet effective solution. 

Glennite Thermistors are temperature-sensitive resistors with high 
negative coefficients of resistance. When a temperature increase in the 
amplifier circuit above causes increase in power gain, a wafer type 
thermistor in feedback circuit serves to maintain constant power gain. 

The negative temperature coefficient of the thermistor results in 
decreased resistance as temperature increases. The resulting degenera- 
tive feedback compensates for power gain, maintains constant voltage 
output. 

Transistor gain control in computers is only one of many interesting 
ways in which versatile Glennite Thermistors are used as economical 
solutions to problems of temperature control, time delay, measurements 
and analyses. 

Glennite wafer, bead and rod thermistors are available in a variety 
of resistance values, temperature coefficients and sizes to help you 
evaluate circuit problems. They may be obtained from your local dis 
tributor, or from Gulton Industries in bulk quantities. 





Custom Made 
Thermistors 
To Your 
Specifications 


Gulton will supply therm- 
istors to your specifica- 
tions with resistance 
values from 1 ohm to 10 
megohms and tempera- 
ture coefficients of 
resistance to —6.8% per 
degree C. Temperature 
range: —60° to +500°C. 


Test Your Ideas With 
A Glennite Experimenter's 
Thermistor Kit 


An inquiry on your company letterhead will 
make available to you a Glennite Experimenter’s 
Kit for $14.95. For those engineers who have had 
some experience with thermistors, comprehensive 
kits are available for $49.95. For complete infor- 
mation, write directly to Guiton Industries, Inc. 














MATERIALS & CERAMICS DIVISION 


Gulton Industries, Inc. 


60 


Metuchen, New Jersey 


in Canada: Titania Electric Corp. of Canada Ltd., Gananoque, Ont. 
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products, which are cash registers and 
point of sale recording equipment un- 
der the Sweda brand name. 

The marketing companies are Sweda 
Cash Register, Inc., a Chicago firm 
which is the American distributor, 
and Sweda Registrierkassem, AG of 
Zurich, Switzerland. They will be ad- 
ministered through Litton’s Monroe 
Calculating Machine Co. Div. 

Terms of the sale of the majority 
interest to the Beverly Hills-based 
company were not revealed, but Litton 
expects that it will add $10 million a 
vear to Monroe’s sales. 


Leach Buys Part 
Of Pendar, Inc. 


The Electronics Div. of Pendar 
Inc., Van Nuys, Calif., will now be 
integrated with the Relay Div. of the 
Leach Corp. The Los Angeles elec- 
tronics firm recently purchased the 
unit which makes static switching, 
timing, and annunciator devices. The 
parent Pendar company will retain its 
pushbutton switch business. 


Houston Fearless Adds 
Federal Machine Tool 


Iederal Machine Tool Co. of Bos- 
ton has been acquired by Houston 
l’carless Corp. in a deal involving pay- 
ment in Houston Fearless common 
stock. Federal manufactures electronic 
components, process contsol equip- 
ment, and microwave gear. Precision 
tooling and design is also continued 
under the new ownership. Federal will 
retain its name and become a division 
of the Los Angeles corporation. 


Harris-Intertype Furthers 
Electronics Plunge 


Long known mainly for printing 
equipment, Harris-Intertype Corp. has 
deepened its investment in the clec- 
tronics field with its purchase of Poly- 
technic Research and Development 
Co. from the Polytechnic Institute of 
Brooklyn. 

PRD, a leading producer of micro- 
wave test equipment, was founded 
during World War II as an out- 
growth of new developments by the 
electrical engineering department at 
Brooklyn Poly. It worked closel\ 
with the Radiation Laboratories at 
MIT (the first Poly group was the 
Microwave Research Institute, now a 
college department). 

PRD will be operated as a subsidi- 
ary of Harris with the intention 
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problem of “‘over-relayed”’ 


AN IMPORTANT 


RELAY 


for industrial control 


219 Frame Relays, using heavy duty 12-pin plugs and 
sturdy industrial-type phenolic sockets, are Dunco’s 
answer to the need for industrial control relays that 
are large enough, but not too large; fully dependable, 
but moderately priced. Designed for long, reliable 
contact life on relaying loads, they have proved out- 
standingly successful on laboratory-type “tail chas- 
ing” circuits and on machine control installations. 

Dunco 219 Frame Relays have 10-ampere current 
carrying parts; 150-volt electrical spacings of 14” 
over surface and 14” through air; and withstand 
1500-volt dielectric test. Three standard contact 
arrangements available at minimum prices facilitate 
control circuitry standardization and simplify field 
maintenance replacement problems. 


Write Today for Dunco Engineering Bulletin 2219. 


Member, National Assn. of Relay Manufacturers 


STRUTHERS-DUNN 


World’s largest selection of relay types 
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of maintaining close relationships be- 
tween the company and the school. 
The acquisition puts Harris much fur- 
ther in the electronics business; the 
purchase of Gates Radio Co. two 
years ago started the diversification 
move from the printing industry alone. 


Fairfield Gains Cove 
Facilities Through Merger 


A merger has been consummated 
between Fairfield Engineering Corp. 
of Springdale, Conn., and Cove Indus- 
tries, Inc., of Norwalk, Conn. Fair- 
field acquires Cove’s assets in exchange 
for Fairfield stock, according to the 
terms of the agreement. 

Fairfield began operations in 1955 
making magamps for thyratron con- 
trol and produced the first magnetic 
control for silicon control rectifiers. 
Cove, barely three years old, does sub- 
contract work in fabrication, packag- 
ing, and assembly of several electronic 
systems and also manufactures com- 
ponents. The addition of Cove is 
aimed at increasing Fairfield’s produc- 
tion efficiency. 


Beckman Gets Two 
For $130,000 


As a product line expansion move, 
Beckman Instruments, Inc., has ac- 
quired Harold Kruger Instruments of 
San Gabriel, Calif., and Tool-Lab, 
Inc., of Escondido, Calif. Initial cash 
investment for both companies was ap- 
proximately $130,000. 

Kruger’s products (to be added to 
Beckman’s Scientific and Process In- 
struments Div. line) include chemical 
analysis equipment, air pollution moni- 
toring instruments, mercury vapor de- 
tectors, and metering pumps. The 
Fullerton, Calif., purchaser will assign 
manufacture and sales of Tool-Lab’s 
electric meters to its Helipot Div. 


New Consulting Firm 
Offers EDP Counseling 


Charles W. Adams Associates, Inc., 
Medford, Mass., is a new consulting 
firm offering advice to companies seek- 
ing aid in applying electronic data 
processing systems. The Adams group 
will conduct a survey of a company’s 
EDP application; the end product of 
such a survey is a complete status 
report. If desired, however, Adams 
can go further and assume responsi- 


bility for developing and installing the 
EDP procedure, including program- 
ming, forms, and instruction. 


7, STRUTHERS-DUNN, Inc., Pitman, N. J. 
Sales Engineering offices in: Atlanta + Boston + Buffalo + Charlotte 
& hicago + Cincinnati + Cleveland + Dallas «+ Dayton «+ Detroit 


Kansas City «+ Los Angeles + Montreal + New Orleans + New 
York + Pittsburgh + St. Louls + San Francisco + Seattle + Toronto 
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Now your present electronic counter becomes a 

really good, accurate DIGITAL VOLTMETER 

by simply adding this self-contained, inexpensive 
2210 Voltage-to-Frequency 


CONVERTER 


Now it is simplicity itself to read voltages in direct 
digital form using your present electronic counter 
and this new Dymec DY-2210 Converter. You can also 
measure the time integral of fluctuating voltages 
directly in volt-seconds — no more tedious, costly 
manual data reduction and analysis. Unique design 
principle of the DY-2210 makes it insensitive to most 
kinds of noise on the input signal. 


The DY-2210 generates pulses at a rate accurately 


proportional to the dc input voltage. Zero input pro- 
duces zero output cycles, 1 volt produces 10,000 cps. 
A front-panel attenuator provides additional input 
ranges of 10 v, 100 v and 1000 v. Positive or negative 
inputs sensed automatically. Models available for ac 
inputs and remote programming applications. Price: 
$660 cabinet, $650 rack-mount. 

For detaiis and demonstration, see your Dymec/ 
Hewlett-Packard representative or write direct. 


RACK MODEL, PANEL HEIGHT ONLY 3” & 


" 
DM YADA LE CY 4 DIVISION OF HEWLETT-PACKARD C 


6063C PAGE MILL ROAD, PALO ALTO, CALIFORN 


S.A DAvenport 6-1755 


Dymec/® field representatives in all principal areas 


JANUARY 1960 
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ONL wiancko offers a 


portable secondary standard 
with digital readout 


Check these exclusive features: 


Permits direct parameter measurements and calibration of trans- 
ducers (pressure, force and accelerometers) in field, plant or 
laboratory. 


x2 and x4 plug-in frequency multiplier, coupled with bandwidth 
adjust provides greater accuracy due to increased resolution and 
real data capability — speedier testing and checkout. 


Readily interchangeable plug-in units for absolute, gage and differ- 
ential pressure heads — ranges 5 to 10,000 psi. 


Head adapter permits use of Wiancko force rings, accelerometer or 
pressure pickups — 500 feet distant from Standard. 


Accuracy: --0.05 percent full scale; ranges 0-2500 psi 
+0.08 percent full scale; ranges 3000 -10,000 psi 


For more information write for Product Bulletin 106A. 


VV I ANSKS 


ELI BO NES Se ARERR IES Sin ET INCRE 
ENGINEERING COMPANY 


255 North Halstead Avenue * Pasadena, California 


Precision with lasting reliability 
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IMPORTANT MOVES 
BY KEY PEOPLE 


Instrument, Computer Man 
New IRE President 


New president of the Institute of 
Radio Engineers is Dr. Ronald I’. Mc- 
Farlan, a consultant to the Datamatic 
Div. of Minneapolis-Honeywell and to 
the Raytheon Co. Announcement of 
the election came at IRE’s board of 
directors meeting held in New York 
City recently. 

Ur. Metarlan’s early work was in 
the fields of X-ray diffraction and scat- 
tering, ultraviolet spectroscopy, celec- 
tronic instrument design, and naviga- 
tion. He has managed projects dealing 
with digital computers, radar, auto- 
matic guidance and control, microwave 
communication, sonar echo ranging, 
and depth sounding equipment. 

Also announced at the board meet- 
ing were the recipients of several IRE 
awards including two important hon- 
ors to control leaders. Dr. Harry Ny- 
quist received the 1960 Medal of 
Honor, and Dr. J. A. Rajchman the 
1960 Morris Liebman Memorial Prize. 

Dr. Nyquist’s award was made “for 
fundamental contributions to a quan- 
titative understanding of thermal 
noise, data transmission, and negative 
feedback”. He divides his time be- 
tween The W. L. Maxson Corp., 
Stavid Engineering, Inc., and Bell 
Telephone Labs. Dr. Rajchman was 
cited ‘“‘for contributions to the devel- 
opment of magnetic devices for infor- 
mation processing”. He is a member 
of RCA’s research staff for solid-state 
computing devices and digital systems. 


Brubaker Quits 
As Telecomputing Y. P. 


George Brubaker, founder of Bru- 
baker Electronics, Inc., in 1950 and 
president of ‘Telecomputing Corp. 
after his company’s merger, has re- 
signed as vice-president of marketing 
and board member of the Los Angeles 
electronics company. He had stepped 
down from the top post in a previous 
realignment. 

West coast sources say that Bru- 
baker left after differences with TC’s 
president William Whittaker. 

The apparent upset at Telecomput- 
ing showed up in the investment mar- 
ket last month when T’C’s recent stock 
issue, which came out at $13, dropped 
25 percent—a surprising performance 
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Cape Canaveral count-downs 
get Kollmorgen close-ups 


What happens on the pads at Cape Canaveral is 
subject to the continuous close scrutiny of experts 
thanks to Kollmorgen bunkerscopes. During launch- 
ing operations and static tests the trained observer 
sees exact detail in his choice of two magnifica- 
tions and in true color, with complete safety even 
in cases of power failure. 

Bunkerscopes by Kollmorgen require virtually 
no maintenance and are built to withstand blast 
forces such as may be expected around missile 
launching sites. They are easy to operate, even by 
untrained personnel, and can quickly be adapted 
RIGHT HANDLE HAS tld 
POWER CHANGE 
(6x AND 15x) 

LEFT HANDLE ELEVATES 
LINE OF SIGHT 


1960 


to photography and television use 

These instruments are typical of Kollmorgen 
experience with remote viewing and inspection 
equipment, wall periscopes, underwater periscopes, 
micro-photo periscopes, continuous strip fuel-in- 
spection cameras and other optical systems em- 
ploying mechanical and electronic skills. In this 
field Kollmorgen is foremost, having served both 
industry and defense for nearly half a century. 

If you are interested we would like to send 
you our new illustrated facilities brochure. Just 
write us a note on your company letterhead. 


OLEMOERGCEN 


NORTHAMPTON, MASSACHUSETTS 


NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES @ OPTICS @® BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


WESTERN TECHNICAL REPRESENTATIVES — 
COSTELLO & COMPANY. LOS ANGELES, CALIFORNIA. 
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- - » to end delivery worries for you. 


Sorensen is able to make immediate delivery on almost every item in 
the widest line of controlled power products on the market. Included are: 
Highly-regulated d-c supplies, a-c line voltage regulators, variable fre- 
quency power sources (frequency changers, 60 to 400 cps and other fre- 
quencies), transistorized dc-to-de converters and dc-to-ac inverters. Ask 
your Sorerisen representative about your rush requirements or write: 
Sorensen & Company, Inc., Richards Avenue, South Norwalk, Connecticut. 


CONTROLLED 
POWER 
PRODUCTS 


‘A SUBSIDIARY OF RAYTHEON COMPANY : 


.+.the widest line lets you make the wisest choice. 
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for a space age electronics company. 
TC officials hope to improve the con- 
fidence of the market when they ap- 
pear before LA Security Aaalysts on 
February 25. They point to recent ac- 
quisitions (Monrovia Aviation, Frank 
R. Cook Co., and Summit Electron 
ics) as evidence of the company’s 
growing strength. 


Beckman’s Bishop to Head 
Textron Electronics 


LOS ANGELES— 

John F. Bishop, general manager 
of the Systems Div., Beckman Instru- 
ments, Inc. moved to Textron Elec- 
tronics, January 1, to become execu- 
tive vice-president and chief operating 
officer of the ‘Textron subsidiary. 
Bishop’s appointment is TE’s first 
step in forming a corporate staff to 
provide overall management guidance 
for a broad-based electronics company. 

Textron Electronics was formed in 
May 1959 with one division, MB 
Electronics, maker of electronics and 
electromechanical vibration test sys- 
tems and formerly a division of parent 
company Textron. In September TE 
acquired Globe Electronics, communi- 
cations equipment manufacturer. 
TE’s third quarter sales, the first full 
quarter of operations, amounted to 
$4,744,000. 

One of Bishop’s main jobs at TE 
will be filling out TE’s product line 
by acquisition of additional companies 
in the electronics, instrumentation, 
and control fields. 

Also joining TE, as vice-president 
for marketing, is Mark Howlett, now 
marketing manager at Beckman’s 
Process Instruments Div. 


Other Important Moves 


Joseph Carlstein has moved up to 
chief engineer for the Ketay Dept. of 
the Norden Div., United Aircraft 
Corp. With the Commack, N. Y., unit 
since 1953, Carlstein has held several 
engineering positions; last one was 
supervisor of development engineering. 


J. S. Pitchford, recently retired from 
the Air Force as colonel, has been ap- 
pointed vice-president in charge of en- 
gineering at Benson-Lehner Corp., 
Santa Monica, Calif. He’ll direct B-L’s 
engineering department with emphasis 
on new product development. 


Dr. George Wertwijn has joined 


U. S. Transistor Corp. as chief engi- 
neer. He was formerly division chief 
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THE HIGHEST POSSIBLE QUALITY 


THE HANDIEST GUIDE TO THE VARIOUS AND SUNDRY 
METHODS PRESENTLY AVAILABLE FOR MEASURING FLOW 


It has been our pleasure and profit 
over the years to aid and assist divers 
engineers in the estimable task of 
selecting the one—nay, the only de- 
vice best suited to measuring a given 
flow. But truly, the years have added, 
the devices have multiplied, and the 
task of selection has grown ever more 
complex. As a result, the “‘handy” 
guides, so reminiscent of an earlier 
day have grown less handy all the 
time. Let us see how handy we can be. 


LESSON | 


There are but four major types of 
flowmeters. 


1. VARIABLE-AREA t 
(ROTAMETERS) t 


+ 





2. VARIABLE HEAD ae 


(ORIFICES, : 


VENTURIS & CO.) 





3. INTEGRATING 
(TURBINE) 











4. OBSTRUCTIONLESS 
(MAGNETIC) 


Copyright 1960 Fischer & Porter Company 


LESSON Il 
In order to be as handy as possible, 
we shall limit our discussion of the 
advantages of the four basic types to 
a single characteristic benefit. 
1. Variable-Area: linear scale 
2. Variable Head: flexibility 
3. Integrating: accuracy 
4. Obstructionless: obstructionless 


LESSON Ill 
The lesson to be learned may well be 
that there is a definite limit to just 
how “handy” one can be . . . and still 
serve as a guide. Six pages hold the 
record at present. We call the guide 
Bulletin 91-119, but others have called 
it the first practical map ever pub- 
lished to the land of flowmetering. 


There are those who philosophically 
oppose all “handy” guides. If you are 
among that group, we can only state 
that we make them all. . . every one 
of the four major types. A call to our 
technical assistance group will bring 
you a firm recommendation unen- 
cumbered by bias or prejudice. 


THE JUSTLY 
CELEBRATED 


MAGNETIC FLOWMETER 
OF FISCHER & PORTER 


one of the very best flow instruments ever invented 


A clear length of pipe that accu- 
rately measures liquid flow by the 
invisible MAGNETIC FIELD! 
SOMETHING NEw! Measures the 
flow of any liquid with a conduc- 
tivity of no less than 0.1 micromho 
centimeter. 

easures flow IN EITHER DIREC- 
TION and without auxiliary equip- 
ment. 
Handily provides full scale record- 
ing of ANY FLow Rate from 1 to 
30 feet per second at the TURN 
OF A DIAL 


extends the range 0: accurate flowmetering to 
heretofore unbelievable limits! 


YOUR ATTENTION INVITED! 





THE PROCESS 
ACCOUNTANT’S FRIEND 


UNMATCHED 


FOR ACCURACY 


There is a reason why the turbine 
meter is called the accountant’s 
friend. For accuracy over a wide 
range of flow it knows no equal. 
As a billing, accounting, or com- 
puter input meter it is non pareil. 


Do You Ask Why? 


Each and every revolution of the 
bladed rotor signifies the passage 
of a definite unit of fluid volume 
with an electrical pulse. The total 
number of counts—or rotor revo- 
lutions—is proportional to total 
volume of fluid passing through the 
meter in a given time period. 


It Is A Friend To All 


The selfsame accuracy, reliability, 
convenience, and compactness 
which have endeared the Fischer 
& Porter turbine meter to the 
arbiters of process economics have 
made it the meter of the missile 
and jet man as well. Few indeed 
are the test stands that do not 
rely on the turbine meter for criti- 
cal flow information. 


The Fischer & Porter Turbine Meter 


Like other F&P meters it is char- 
acterized by a perfection of design 
and manufacture that lifts it from 
the commonplace and sets it apart 
in every respect. A thorough study 
of pertinent data will assure you 
that this is no mere boast. We 
shall gladly aid you in such study 
to the full extent that life and limb 
permit, if you will but notify us 
of your interest. 


This company, by purchasing the 
very finest raw glass of the proper 
composition and reforming it over 
mandrels of unexcelled strength, dur- 
ability, and precision, on machines 
of our own design, and by calibrating 
and testing them to perfection, are 
enabled to offer the best 


of an unsurpassed excellence at the 
lowest market rates. The long ex- 
perience of the present management 
of the company, and the enviable 
reputation they have established for 
F&P FLOWRATORS are deemed a suffi- 
cient guarantee that purchasers can 
at all times depend upon receiving 
flowmeters unsurpassed by any others 
for accuracy and dependability. 


___2700 Variable-Area Flowmeter 
_ Variable Head Meter 
___ Turbine Meter 
_Magnetic Flowmeter 
___**Hlow To Select Flowmeters’’ 
___‘“*Instruments Available from Stock’’ 


state your pleasure, gentlemen! 


To better acquaint our far reaching public with the 
BENEFITS and ADVANTAGES of our products we 
have caused to be printed handsome booklets for the NAME: TITLE: 
general edification. We will gladly post to you a selection COMPANY: 

of these works upon your application. Make a selection 
at your leisure from the list below. Sign your name 
and address in the generous space provided, and send 
it to us. We are your obedient servants in this as in 
all other matters. 














Fischer & Porter Co., Hatboro, Pa Dept. A 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER LTD. WORKINGTON, CUMBERLAND, ENGLAND © FISCHER & PORTER G.m.b.H., GROSS- 
ELLERSHAUSEN, BEI GOTTINGEN, GERMANY @ FISCHER & PORTER N. V., KOMEETWEG 11, THE HAGUE, NETHERLANDS @ FISCHER & PORTER Pty. LTD., 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA 
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of the Semiconductor Development 
Group of Zenith Radio Corp. and 
held a position in the transistor divi- 
sion of the N. V. Philips Lamp Works 
in the Netherlands. The new Syosett, 
N. Y., company has just started pro- 
ducing germanium alloy transistors. 


Ralph E. Clarridge, who was a 
consultant with Taylor Instrument 
Co., is now manager of the measure- 
ments laboratory of the General Elec- 
tric Instrument Dept., West Lynn, 
Mass. He was 20 years with Taylor, 
most recently as chief engineer and 
finally as staff consultant. 


Jack Blair has become chief me- 
chanical design engineer at North At- 
lantic Industries, Inc., Westbury, 
N. Y. Blair will direct work in line 
with the company’s product diversifi- 
cation program. He was formerly with 
Reeves Instrument Corp. 


Seymour Weiner has assumed the 
newly created position of product 
planning manager at Sperry Semicon- 
ductor. His responsibility is advanced 
planning for the S. Norwalk, Conn., 
division of Sperry Rand Corp. 


Douglas K. Ridley has taken over as 
contract sales manager for automatic 
control equipment produced by the 
Philadelphia-based Brown Instruments 
Div. of Minneapolis-Honeywell Regu- 
lator Co. He’ll also handle products of 
the other Honeywell Industrial Prod- 
ucts Group units (Valve, Industrial 
Systems, Fall River (Mass.), Rubicon 
instruments, and Heiland Divs.). 


Irving P. Magasiny joins Schaevitz 
Engineering, Pennsauken, N. J., as di- 
rector of engineering after 11 years 
with Philco Corp. and Tele-Dynamics. 


G. Douglas Zimmerman will direct 
the activities of Canadian Curtiss- 
Wright Ltd. of Montreal as new ex- 
ecutive vice-president and director. 
Zimmerman has been president of 
Fischer & Porter (Canada) Ltd. and 
C. P. Clare, Canada Ltd. 


Ivar C. Peterson, formerly director 
of the Aerospace Industries Associa- 
tion’s technical services, is now as- 
sistant to the president of Lear, Inc. 


Charles D. Manhart, as new vice- 
president of Daystrom, Inc., will head 
the operations of the four divisions in 
the company’s Defense Products 
Group (Electric, Military Electronics, 
Pacific, and Transicoil). 
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FLOWING 
AND DRY 





measure absolute 

and differential pressure 
accurately, easily 

with 


W & T PRECISION 
MERCURIAL MANOMETER 


For all types of precise pressure measurements 
in production, research, or analysis, the 
Wallace & Tiernan Type FA-135 Precision 
Mercurial Manometer gives readings with 
an accuracy of 1:3000. 


And the W&T Mercurial Manometer is 
convenient to use. It is the one instrument 
which permits reevacuation of its column 
at any time. Scale is temperature compensated 
and no zero adjustment is required. Readings 
are taken at a glance. 





unique, advanced features... 


Mercury-sealed valve pro- 
vides easy means for evacuating 
and sealing the tube. 


Magnifying eyepiece and knife- 
edge indicator give direct 
readings. 


Simple dial setting com- 

pensates for ambient temperature 
changes. No mathematical 
corrections required. 


For full information on all models 
of W&T Precision Mercurial 
Manometer, write Dept. A-125.28 


WALLACE & TIERNAN INCORPORATED 


IF IT’S 


FREE 


we have accurate reliable 
means of feeding it. 

For information about 
these dry chemical feeders 


both gravimetric 
and volumetric... 





Write Dept. M-42.28 
WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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ELLERSHAUSEN, BEI GOTTINGEN, GERMANY © FISCHER & PORTER N. V., KOMEETWEG 11, THE HAGUE, NETHERLANDS © FISCHER 


& PORTER Ply. Lt U., 168 HANNA Of ., SUUIN MELSUUENE, Tee EEO 


Tubexperience in action 


Taylor Instrument 
Companies, one of the 
world’s largest pro- 
ducers of precision 
measuring devices, uses 
many Superior Bour- 
don Tubing analyses. 


Ry for accurate indication of pressure and temperature: 
Bourdon Tubing by Superior 


Bourdon tubes with consistent spring rate and minimum set, 
drift and hysteresis are essential to precision measurement of 
pressure in modern indicating, recording and controlling 
instruments. The tubing from which they are made must be 
free of inclusions and seams, carburization or decarburization, 
rough or corroded surfaces, and variations in wall thickness. 
Superior Bourdon Tubing has the extra qualities that permit 
interchangeability of Bourdon elements in the field with 
maximum ease, simplify range changes, require only link- 
age adjustment. 


Typical of the care exercised in the manufacture of Superior 


Bourdon Tubing is the use of weight control to check tubing 
dimensions. This fast, precision method of checking average 
wall or ID enables us to provide tubing with unusually high 
overall uniformity. No matter how many Bourdon elements 
you make from Superior tubing, you get a uniform deflection 
rate in every case. 


Superior offers a wide range of analyses, including strain- 
hardened, precipitation-hardened and heat-treatable materials 
for the fabrication of Bourdon Tube elements. Write for a 
copy of Bulletin 41, giving detailed information. Write Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


Swerve lide 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 


CIRCLE 70 ON READER SERVICE CARD 


CONTROL ENGINEERING 





Ever see a 6 push-button variable chart speeds 


NEW STRIP-CHART RECORDER | * 2" 


0.05% full scale sensitivity 


that offered you all this: 0.2% resolution and accuracy 


Local or remote chart or pen control 





Continuous span voltage, 5 mv to 100 v 


The all-new Moseley Model 80A Strip-Chart Recorder 
is a precision instrument providing greater versatility 
and convenience than any commercial strip-chart re- 


corder previously available. Glass door protects chart; ball-bearing carriage 
rolls out for easy chart or circuit access 


Model 80A gives you instant selection — through 
transistor switching — of 6 chart speeds. All other 
function controls are grouped in a newly convenient 
array on one front panel. The input range of 5 mv to 
100 v is covered in 10 steps, or by vernier for com- 
pletely continuous span voltage control. Input resist- 
ance is 200,000 ohms/v through 10 v, 2 megohms on 
higher ranges. Full range zero set, pen speeds to 0.25 
sec full scale, chopper amplifier, standard 120’ rolls. 
For 19” relay rack. $1,750.00. o 


NEW! TYPE F-2 LONG-STRIP CURVE FOLLOWER 


New-concept curve follower tracks, converts ordinary re- 
corded trace to electrical energy; requires no metallic 
SEE YOUR MOSELEY REPRESENTATIVE OR WRITE inks or re-drawing. Employs unique photoelectric-oscil- 


DIRECT FOR DETAILS lating mirror principle; permits digital output for tapes, 
cards, etc. 





Six chart speeds, 2, 4, 6, 8, 15 and 60 in/min 
selected instantly by front panel push buttons. 





Pioneer and leader in X-Y and Strip-Chart Recorders 


F.L. MOSELEY COMPANY 

Dept. H1, 409 N. Fair Oaks Ave., Pasadena, California 

MUrray 1-0208 TWX PASA CAL 7687 
Field representatives in ali principal areas 


eore 
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BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


ANALOG- 
TO-DIGITAL 
CONVERTERS 


Kearfott’s rugged shaft 
position-to-digital convert- 
ers are resistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica- 
tions, these converters are 
available for many uses, 
including latitude, longi- 
tude, azimuth or con- 
ventional angular shaft 
displacement conversion 
and decimal count conver- 
sion. Exclusive drum 
design provides large con- 
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available. 


TYPICAL 
CHARACTERISTICS 


Kearfott Unit No. ...... P1241-11A 
Cod Cyclic Binary 
g 0-32,768 (2'*) 
Bits per Revolution 16 
Revolutions for Total Range 


I Sisk chicns Siacseees 10.5 
Current (ma.) ..............000000 20 
Inertia (gm. cm.) 
Unit Diameter (in.) 000.0000... Ue 
Unit Length (in.) 2.0. 
Life 10° Revolutions or 10° a 
Static Torque (in.-oz.) .. 2 (break) 
1 (running) 
ree 5 
Maximum Speed (RPM) 600 


Write for complete data. 


Miniature | Electrohydraulic 


Floated ' Servo Valve 
Gyro 


BASIC 

BUILDING 
BLOCKS 

FROM. KEARFOTT 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 
Control 
Type Resolver Transmitter Transformer 
Part Number 75161-001 25151-003 


Excit. Volts 
(Max.) 115 90 


Frequency (cps) 400 400 
Primary imped. 400/80°  8500/80° 
Secondary imped. 260/80°  14000/80° 
Transform. Ratio .7826 1.278 
Max. Error fr. E.2. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 


Scanalog 
200-Scan F 
Alarm Logging 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


2 
INTEGRATING 
TACHOMETERS 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% and is usu- 
ally better than + .1%. 


TYPICAL 
CHARACTERISTICS 

Size 11 

(R860) 
Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS) .......... .020 
Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm... 0° 
Linearity at 0-3600 rpm .... .07 


Operating Temperature 
R _ +126° 


Write for complete data. 


KEARFOTT owision 


cP 


System 
P GENERAL PRECISION we. 
LITTLE FALLS, NEW JERSEY 
Midwest Office: 23 W. Calender Ave., Lo Grange, IIi. 


South Central Office: 6211 Denton Drive, Dalles, Texos 


Engineers: Kearfott offers challenging opportunities in West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


advanced component and system development. 
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THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 
NIKE ZEUS 
SPARROW | 
SPARROW I! 
SPARROW lil 
NIKE HERCULES 
SIDEWINDER 
REGULUS II 
VANGUARD 
PERSHING 
BULL PUP 
POLARIS 
CORVUS 
FALCON 


@&® Adds New Dimensions 
To High Speed Gyro Roror Bearings / 


At speeds up to 24,000 RPM precision rotor bearings in 
inertial guidance and navigational systems are highly 
critical components. Early research and development in 
design and manufacturing at New Departure is solving 
the problem and thus winning vital roles for N.D. 
integral rotor bearings in missile projects. For example, 
‘'B"' Series bearings with separable inner ring developed 
by N.D. are helping set performance records in such 
inertial guidance systems as the AChiever. 


New Departure is also supplying high-precision rotor 
bearings for the inertial guidance system in Polaris. 


These bearings, through advanced manufacturing tech- 
niques, exacting inspections and controlled environmental 
tests, backed by 50 years of laboratory testing experi- 
ence, give precision and uniformity far above the most 
precise industry standards. They promise new perform- 
ance and reliability for the submarine-launched IRBM. 


You can look to improved performance and reliability 
when you include an N.D. Miniature/Instrument Bearing 
Specialist in early design level discussions. Call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


i 


me ESV Co ee ay, Fn 6... 2 


MINIATURE © 1 UMENT BALL BEARINGS 
‘proved reliability you can build oround 
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Now there are ways to read angles... 


Photoelectrically with a Gurley Encoder Optically with a Gurley UNIS@E © 


. 


ae 


Angles may now be read photoelectrically with 
the Gurley Precision Shaft Position Encoder. 


The information can be transmitted anywhere, 
in digital form. 


| Write for Bulletin 8600. 


W. & L. E. GURLEY, 537 FULTON STREET, TROY, NEW YORK 
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one Tere) 1001 Terere 


RECOMP 


The binary combinations of ones and zeros 
stored in computers are called “bits”...and 
there are 160,000 of them stored in RECOMP. 

RECOMP’s exclusive readout panel converts 
these “bits” into arabic numerals... providing 
fast, easy readout of any word or number in the 
magnetic disk memory. RECOMP communicates 
in your language. Under computer control or 
at the push of a button, the unique readout dis- 
plays in a choice of three formats: decimal, 
octal, or command. 

The _ ll-transistorized, general purpose 
RECOMP has built-in floating point and square 
root arithmetic ... high-speed photoelectric 
tape reader (400 characters per second) ... 
4,096-word memory, including 16 words placed 
in high-speed loops, and a storage capacity of 
over 8,000 instructions. 

RECOMP provides fast and accurate answers 
to problems of engineering, science and indus- 
try. It’s available now for sale or lease... and 
there’s no extra equipment to buy or cost of 
installation. For information on how RECOMP 
can solve your special problems, please write 
Autonetics Industrial Products, Dept. 301, 
3584 Wilshire Blvd., Los Angeles 5, California. 


Ss. bt | 


oe 


/ Autonetics @) 


INDUSTRIAL. PRODUCTS 
A DIVISION OF NORTH AMERICAN AVIATION, INC. Other offices; Chicago, New York, Washington, l 
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TELECHROME 
TRANSMITTER 





215-260 mc 
FM/FM TELEMETERING 
TRANSMITTER 
Model 1483A1 


Features: 


@ Power output 4 to 5 watts. 


@ AFC Loop crystal controlled for 
+ 005% carrier stability. 


@ Modular construction. 


@ Silicon Transistors for Low Noise and 
High Efficiency. 


@ Modulation Distortion Less than 1%. 

@ Very low spurious emission 

@ Plug-in tubes aI eae 
© —40°C to +100°C ———__ | ae oe 

@ Size 176" x 244" x 4”. << Modular construction =~ 


All circuitry mounted on rugged bulkheads, Each may be removed indi- 
Write for Data Sheets vidually for servicing or replacement. Spare modules available. Top of 
case and side panels removable separately for easy access to all parts. 


COLOR TV * INDUSTRIAL INSTRUMENTATION * TELEMETRY 


TELECHROME MANUFACTURING CORP. 


28 RANICK DRIVE AMITYVILLE, N.Y. Lincoln 1-3600 
Cable Address: COLORTV TWX: AMITYVILLE NY2314 


CHROME 


MANUFACTURING CORP, 





WESTERN ENGINEERING DIVISION + 13635 Victory Blvd., Van Nuys, Calif, STate 2-7479 
AT THE FRONTIERS OF ELECTRONICS. “iDWESTERN ENGINEERING DIVISION * 106 W. St. Charles Rd, Lombard, lll., MAyfair 7-6026 
cnliariinmaiitit ba tai SOUTHWESTERN ENGINEERING DIVISION + 4207 Gaston Ave., Dallas, Tex., TAylor 3-3291 


NE A ke 
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For Those 
Working With Pulses... 





Type 1217-A UNIT PULSER . . . $235 
(with power supply $275) 


A compact, versatile, and inexpensive source of 
pulse waveforms. Several Pulsers can be easily 
combined to form a generator of composite 
signals. 


Repetition Rate: 30c, 60c; 100c to 100 kc in 1-2-5 
sequence. 15c to 100 kc continuous with 
external drive. 


Pulse Duration: 0.2 to 60,000 usec, continuously 
adjustable. 


Rise Time: 0.05 usec Decay Time: 0.15 usec 


Type 1392-A TIME-DELAY 
GENERATOR .. . $985 


The most precise and flexible delay generator 
available. Two independent delay circuits (0 to 
1.1 sec and 0.5 usec to 0.5 sec) can be “‘series con- 
nected” for 0 to 1.6 sec range in delay. Coinci- 
dence circuitry makes possible exact delays and 
pulse bursts. Input circuits accept almost any 
waveform from dc to over 300 kc to initiate ac- 
tion. Built-in provision for time modulation. 


Type 1391-B PULSE, SWEEP, AND TIME- 
DELAY GENERATOR... $1975 


Complete, accurate, wide-range time measure- 
ments and pulse-waveform synthesis with one 
instrument. Fast rise and decay times — better 
than 0.015 usec. No duty ratio restrictions. 


Pulse Duration: 25 musec to 1.1 sec 
Pulse Repetition Rate: 0 to 250 kc 
Sweep Duration: 3 to 120,000 usec 
Time Delay: 1 usec to 1.1 sec 

Delay Repetition Rate: 0 to 400 kc 


Type 1219-A UNIT PULSE AMPLIFIER 


. 


Provides 55-watts peak power over a wide range 
of output impedances. Provides current pulses 
up to 600 ma; voltage pulses in excess of 250v 
at durations as small as 0.1 usec. Drive require- 
ments, 20v negative or 2.5v positive pulse. 








Write for Complete Information 


G ia N & R A L fe A D } oO C Oo M PA N Y | With the cooperation of Dr. G. W. Pierce of Horvard 


and Dr. W. G. Cady of Wesleyan, we designed our 
Since 1915 — Manufacturers of Electronic Apparatus for Science and Industry _ first quartz-crystal frequency standard in 1926. Even 
WEST CONCOR D, MASSACHUSETTS earlier, in 1922, our first broadcast station crystal 
oscillator unit was delivered to the Bell System for 
NEW YORK AREA: Tel. N. Y. WOrth 4-2722, N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 use in the pioneer New York radio station, WEAF. 
PHILADELPHIA: Tel. HAncock 4-7419 WASHINGTON, D. C.: Tel. JUniper 5-1088 Today, almost every U. S. broadcasting station has 

SAN FRANCISCO: Tel. WHitecliff 8-8233 LOS ANGELES 38: Tel. HOllywood 9-6201 o General Radio frequency monitor. 

In CANADA, TORONTO: Tel. CHerry 6-2171 
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Another solution to valve problems . . . 


MOORE F/p ( mcus<’ 


OUTPUT 








i ae as 
t 7 ie 


BOOSTER 


OORT. Ler temo 
ac in tee 
oe ae 


me 


. / Improves stroking speed 


% 


_ and frequency response 


> 


a 


5 times or more 


Includes a specially 
designed stabilizing 
needle valve which 
permits ‘“‘tuning"” the 
actuator-positioner- 
booster circuit for opti- 
mum response with sta- 
bility. Easily added to 
any “problem” valve. 


Write for 
Bulletin or ask your 
valve manufacturer, 


Moore Propucts Co. 


PHILADELPHIA 24, PA. 


ATLANTA, BOSTON, CHARLOTTE, 
CHICAGO, CLEVELAND, DETROIT, 
HOUSTON, LOS ANGELES, LOUIS- 
VILLE, NEW ORLEANS, NEW YORK, 
PHILADELPHIA, PITTSBURGH. 


In Canada: Moore instrument Co., Ltd. 


78 


TORONTO, MONTREAL 


& 





|v" VE POSITIONER 


MOORE PRODUCTS CO. « 


| ON ote 





| 
3 





Manufacturers of NULLMATIC Pressure Regulators, Transmitters, and M/P Indicating and Recording Controllers. 
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hFE. CURRENT GAIN 
































2 3 


nf 


4 


COLLECTOR CURRENT Adc 


Solid line indicates the low beta fall-off of one of the new Bendix transistors as compared to that of an ordinary transistor. 


NEW BENDIX HIGH GAIN INDUSTRIAL 
POWER TRANSISTORS OFFER FLATTEST BETA CURVE 


Now available—a new series of power transistors with 
the flattest beta curve in the industry, made possible by 
an exclusive Bendix process. This new series has very high 
current gains—up to 200 at 3 Adc—and a 10-ampere 
peak current rating. 

Featuring ten-amp performance at a five-amp price, 
the 2N1136, A, B; 2N1137, A, B; and 2N1138, A, B 


series provide: 


LOW BETA FALL-OFF ——————> LESS DRIVE AND LESS DISTORTION 
LOW SATURATION RESISTANCE ———> GREATER CIRCUIT EFFICIENCY 
VOLTAGE BREAKDOWN RATINGS ———-> ELIMINATION OF BURN-OUT 
CURRENT GAIN MATCHING ———> OPTIMUM CIRCUIT PERFORMANCE 


Ideally suited for use in static converters and regulators, 
these power transistors also have numerous applications 
in relay replacements and drivers for relays, magnetic 
clutches, solenoids and other loads requiring high current. 
In addition, their extremely high current gain and excel- 
lent hFE linearity make them practical and efficient 
television vertical output amplifiers and hi-fi amplifiers. 


SEMICONDUCTOR PRODUCTS 


Maximum Voltage Rating 
Current Gain 
hFE at ic=3 Adc 


Veb 90 
Vce 70 


Veb 100 
Vce 80 
~ 2N11368 
~ 2N11378 
~ 2N11388 


2N1136 


2N1137 
| 2N1138 


2N1136A 
2N1137A 
2N1138A 


100-200 


For complete information, contact SEMICONDUCTOR 
PRODUCTS, BENDIX AVIATION CORPORATION, LONG BRANCH, 
NEW JERSEY, or the nearest sales office. 


West Coast Sales Office: 117 E. Providencia Avenve, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenue, Chicago 34, Illinois 
New England Sales Office: 4 Lloyd Road, Tewksbury, Massachusetts 
Export Scales Office 
Bendix International Division, 205 E. 42nd Street, New York 17, New York 
Conadian Affiliate 
Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ontario, Canada 


Fd Genk Division 


LONG BRANCH, N, J. 
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Escapement 
mechanisms... 
by 

Bulova 


Bulova engineering extends from requirement to mass production 


<p % ¢ f’ ~ iy 


Bulova mastery of clock escapements and precision manufacturing offers advan- 
tages in design and production of simple, rugged and inexpensive mechanisms 
integrating time, distance and acceleration. 


Bulova capability can make a whole lot of difference in the success and reliability 
of your program—commercial or military. U L @) VA 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
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HOW TO BUILD A 
BATTERY BOX 
WITH RESISTORS... 


it’s easy with a 


Regatron Programmable Power Supply 


Shunt the programming terminals of a Regatron Programmable 
Power Supply with a resistor, and you've set the output voltage to 
1/1000 of the resistor’s value. Yet the resistor carries no load current, 
does not affect regulation or maximum output current capabilities. 
Several resistors and a multiple-position switch make a compact “bat- 
tery box” for the voltages you use most often . . . it’s as simple as that. 

In addition, you'll find that Regatron Programmable Power Sup- 
plies have all the other advanced features you would expect in a versa- 
tile laboratory instrument; super-regulation, vernier as well as main 
voltage control, and more. Compare a Regatron Programmable Power 
Supply with any other d-c power source, batteries included. ‘/ou'll find 
you won't settle for less. 

Regatron Programmable Power Supplies are available in voltage 
ranges covering 0-50 V dc, 0-100 V dc, 0-300 V dc, and 0-600 V dc. 
Current ratings are up to 3A, depending on model. Request Bulletins 
350 and 765. 


(Various models without the programming feature are also availa- 
ble in voltage ranges up to 1000 V and currents up to I ampere.) 


TRANSISTOR TYPES 


OurTPuT REGULATION 
Line NO LOAD 
105—125 V AC To 
SO—60 CPS FULL LOAD 
Voltege Current % Vv % Vv 


2124 100 V oC 0—100 MA 0.15 0.05 0.1 0.05 


2-212A EQUIVALENT TO TWO MODEL 2124's. OUTPUTS MAY BE USED IN SERIES, 
PARALLEL, OR INDEPENDENTLY. 


-100 V OC O—200 MA 0.15 0.05 0.1 0.05 
—50 V OC O—S00 MA 0.1 0.05 0.1 0.05 
100 V OC O— 500 MA 0.1 0.05 0.1 0.05 


224A! 
220A 


221A 
REGULATED D-C OUTPUT 


av 7.5V 22.5V 45V 90V 214A —100 V OC O—1 AMP 0.1 0.05 0.1 0.05 
—50 V OC O—3 AmP 01 0.05 0.1 0.05 


100 V DC O—3 aAmP 0.1 0.05 01 005 


215A 
218A 


o- ! 
0 1 
©° ! 
2134 0—50 V OC O—1 AMP 0.1 0.05 0.1 0.05 ! 
0 ! 
o ! 
o— 1 


1. Modulotion input provided for measurement of tronsistor porometers by small signal method. 


@ REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING. 


ELECTRONIC 
MEASUREMENTS 


COMPANY =, INCORPORATED 
EATONTOWN + NEW JERSEY 
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designers and manufacturers 
of electrical products and systems 


for AUTOMATIC CONTROL 


_ SELENIUM 


MAGNECLUTCHES® 
and MAGNEBRAKES® 


magnetic particle clutches and 
brakes. Smooth, flexible 
operation, fast response, 
torque independent of 
speed, long life 

Series 6000 Bulletins. 


AUTOMATIC CONTROL SYSTEMS 
POSITION 


SPEED Vickers’ complete facilities and more than 
1,000,000 man-hours of direct experience in 
VOLTAGE design and manufacture of automatic control 
products and systems are available to assist 
FREQUENCY you with your automatic control problems. 
CURRENT Contact the sales offices below, or write direct 


PHASE — 
PRESSURE 
TEMPERATURE 


EPA-0000-1 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1805 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales  $T. LOUIS—CEntral 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—€EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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r , 7 
; “Aree generations of ARMA computers: ! 
THE PRESENT GENERATION , 


continuous hours 


of higher 


mathematics... 
without an error 


The thinking apparatus of the 

guidance system of the ATLAS 
ICBM—ARMA’s airborne digital 
computer —has now completed 6,000 
hours of continuous laboratory operation 


without one catastrophic or transient error. 


Fully transistorized, with no moving 





parts, this remarkable ARMA computer 
can be relied upon for dependable 
performance when the ATLAS becomes 


the nation’s major deterrent weapon. 


Two further generations of ARMA 
computers will be applicable to even 
more sophisticated uses. ARMA’s 
advancement of the state of the art has 
made possible computers —soon forth- 
coming —that will surpass the present 
computer’s reliability at a small 
fraction of its weignt. 

ARMA research and development has 
made the digital computer truly airborne. 
ARMA, Garden City, N. Y., a division 
of American Bosch Arma Corporation 


... the future is our business. 


Attention, Engineers: Write to E.C. Lester, Emp. Supvs about career openings in R & D programs. 


AMERICAN BOSCH ARMA CORPORATION 
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DONNER Desktop Computers 


Predict 
System 


@e Performance 
Cr, 


The small analog computer you see here accurately predicts system 
performance with extraordinary speed and simplicity. 

To illustrate, consider the problem of stabilizing the inverted pendulum 
below. Solving this problem requires a rigorous study of the stability of 
solutions to the Mathieu-Hill equation: 


d*0 gZ 

as A F(t) 

In just 30 minutes, the computer solved the 
equations and established definite parameters. 
An expert mathematician who tackled the 
same problem at the same time was still work- 
ing on his second page of calculations! After 
half a day’s work, he had proved only that 
stability could be achieved—not that it was 
feasible for this particular pendulum. 


The basic computer used in this problem, including two multipliers, 
costs less than $4,000. It can be readily expanded, initially or as your 
needs grow. Other Donner computers are available for your particular 
requirements. 

By selecting the proper pivot excitation, 

A=F(t), the pendulum can be stabilized. 

The graph shows the time variations in 


displacement, © (t) as a function of pivot 
displacement F(t)—=A sin wt. 


For a closer look at methods of 
studying non-linear systems with 
the analog computer, including 
a clear step-by-step analysis of 
the inverted pendulum, write for 
Donner Tech Note #2. We'll 
also send you a brochure on the 
Model 3400 computer. Please 
address Dept. 081. 


f) 0 fl ne SCIENTIFIC 
COMPANY 
CONCORD, CALIFORNIA 


Phone MUlberry 2-6161 - Cable "Donner’” 
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Call your Donner rep now 
for a demonstration 


Your nearby Donner engineering rep- 
resentative will be happy to provide 
you with more information on Donner 
computers. Let him arrange a dem- 
onstration in your plant at no obli- 
gation of course. His name and phone 
number are listed below. | 


ALBUQUERQUE, New Mexico 
Paul Wright (Hyde Electronics) 
AM. 8-1111 


ATLANTA 5, Georgia 
E. G. Holmes & Associates 
BL. 5-6660 


CHICAGO 31, Illinois 
Robert L. Lang & Associates 
SP. 4-3610 


CLEVELAND, Ohio 
Tiby Company 
ER. 1-5335 


DAYTON, Ohio 
Laurence D. Bruno 
AX. 3-8703 


DETROIT, Michigan 
Tiby Company 
UN. 4-9298 


FORT WORTH, Texas 
Mitchell Speairs Company 
WA. 6-4444 


KANSAS CITY (Shawnee), Kansas 
Design & Sales Engineering Company 
HE. 2-2528 


LOS ANGELES 5, California 
Charles W. Fowler Company 
DU. 4-7203 


NEW YORK CITY (Mt. Vernon), New York 
Burlingame Associates 
MtV. 4-7530 


ORLANDO, Florida 
E. G. Holmes & Associates 
CH. 1-2128 


PHILADELPHIA (Upper Darby) 
Pennsylvania 

Burlingame Associates 

SH. 7-9080 


SAN FRANCISCO (Menlo Park) 
California 

Ault Associates 

DA. 6-1760 


SCARBOROUGH, Ontario, Canada 
Instronics, Ltd. 
AX. 3-7806 


SEATTLE 4, Washington 
Comptronics 
MA. 4-5135 


ST. LOUIS 5, Missouri 
Design & Sales Engineering Company 
PA. 1-6403 


STITTSVILLE, Ontario, Canada 
Instronics, Ltd. 
TA. 8-1253 


SYRACUSE, New York 
Burlingame Associates 
GR. 4-7409 


WASHINGTON, D.C. 
Burlingame Associates 
OL. 4-6400 


WALTHAM, Massachusetts 
Burlingame Associates 
TW. 4-1955 
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TYPE V1HJ-G8 


Miniature Vane 
Axial Blower 


Maximum air delivery 
in the smallest package 


Combining a unique mechanical and aero- 
dynamic design with EAD’s standard, re- 
liable 1” diameter motor has resulted in 
this extremely compact and efficient fan. 
In addition to the 2 pole characteristics 
listed below, EAD can supply 4 and 6 
pole designs and models for operation 
from 1600-cycle and variable frequency 
power sources. Here is another develop- 
ment in the growing family of EAD V- 
ine vane axial blowers. 


TYPICAL CHARACTERISTICS 


115 Volt + 400 cycles 1.5” total length 

single or three phase 1.990” housing 

19,000 RPM : diameter 
nominal Available with: 

65 CFM at 0” SP 1. Leads 

35 CFM at 2.3” SP 2. Terminals on 


Life in excess of 3. T inal 
1000 hours at 125°C. honing, a 


Write for complete technical data. 
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mounting flange 


Magnetics, metallurgy, lubrication, insulation . .. these and other tech- 
nologies have been advanced by progressive engineering and produc- 
tion personnel afastern Air Devices to make a science of “the act of 
turning.” Since 1942, this scientific approach to the improvement and 
development of precision rotating devices has resulted in higher output 


efficiencies, reliable operation in higher ambients and superior per- 


formance characteristics under the most severe environmental conditions. 
In addition to continued product improvement, the application of this 
science has developed a number of firsts, including variable frequency 
motors, pure sine wave alternators and thermistor compensation of in- 
tegrating tachometers. Combine this technical ability with high volume 
production, unsurpassed quality control, parts standardization for lower 
cost, and you can see why. EAD has been specified by leading systems 
manufacturers for nearly two decades. 


EASTERN AIR DEVICES, INC. 


Subsidiary of Norbute Corporation * Dover, New Hampshire 


INDUCTION MOTORS ® SERVO MOTORS ® HYSTERESIS MOTORS 
INTEGRATING TACHOMETERS AND MOTOR TACHOMETERS ® BLOWERS 
INERTIALLY DAMPED SERVO MOTORS ® TORQUE MOTORS ® FANS 
DAMPING MOTOR TACHOMETERS ® GEAR MOTORS ® ALTERNATORS 
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TO THE ENGINEER 


who needs “for instances’ 


Take such a “for instance” as this: you want 
to step an indirectly driven rotary switch 
immediately on pulse closure. The schematic, 
Fig. 28, above, points out an easy way of 
doing it with a standard relay. 


Or suppose you’d like to stretch a pulse with a 
relay —or set up a sequential programming cir- 
cuit with stepping switches. You'll find the most 
practical methods among the 41 schematics in 
AE’s new 32-page booklet on “Basic Circuits.” 
It comes complete with a handy template for 
drawing relays and switches on your own cir- 
cuits. And it’s all yours for the asking! 








In case you don’t find the solution to your 
switching problem in Basic Circuits, our 
engineers can find a solution for you. In fact, 
AE engineers can show you switching tricks 
that will cut corners on costs. Or, if you wish, 
they’ll assume the job of designing and build- 
ing to your specs, anything from a simple 
control package to an entire system. 


To get your copy of Basic Circuits and/or the 
answer to your specific control problem, just 
write J. E. James, Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, Ill. 
In Canada: Automatic Electric Sales (Can- 
ada) Ltd., 185 Bartley Dr., Toronto 16, Ont. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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RCA 


i AN 


COMPUTER TRANSISTORS 


2N1300 - 2N1301 


AVAILABLE NOW... / 















} 


Maximum Ratings—Absolute-Maximum Values 


RCA 
Collector- 
TYPE to-Base to-Emitter 


Volts Volts 


Collector- 


2N1300 
2N1301 


AFor collector ma —10 and collector-to-emitter volts 


Emitter- 


Collector Milliwatts 


to-Base 
Volts ; at 55°C 


RCA’s Germanium P-N-P Mesa Transistors 2N1300 and 2N1301 combine 
low-cost and quantity availability with these major benefits for designers 
of switching circuits: 


ehigh power dissipation—150 milliwatts 
maximum at 25°C, 75 milliwatts maxi- 
mum at 55°C 

e fast switching times—made possible by 
high frequency response and low total 
stored charge 

erugged Mesa siructure—with an ex- 
tremely small base width to insure top 
performance at high frequencies 


ehigh current transfer ratio—permits 
high fanout ratios (number of paralleled 
similar circuits per driver-stage output) 


e high breakdown-voltage and punch- 
through voltage ratings—result of the 
diffusion process 

e high current ratings—improves overall 
system speed 

e especially well suited for use at pulse 
repetition rates up to 10 Mc 

e rugged overall design—units have un- 
usual capabilities to withstand severe 
drop tests and electrical overloads 

e electrical uniformity—a result of the 
diffused-junction process used by RCA 
in the manufacture of Mesa Transistors 


Another Way RCA Serves Industry and the Military Through Electronics 


RADIO CORPORATION OF AMERICA 


@ SEMICONDUCTOR AND MATERIALS DIVISION - 


SOMERVILLE, N. J. 


Transistor Dissipation 


IN QUANTITY 


Characteristics: Common-Emitter Circuit, 
| Base Input—Ambient Temperature — 25°C 


Minimum DC Current Goin- 
Transfer Ratio Bandwidth 


mo — 


ot 71°C . —rT at i= — 


Contact your RCA Field Representa- 
tive for prices and delivery. For tech- 
nical data, see your HB-10 Semicon- 
ductor Products Handbook, or write 
RCA Commercial Engineering, Sec- 
tion A-56-NN, Somerville, N. J. 


RCA FIELD OFFICES 


Nework, N. J 
treet, Needhom Heights 94, Mass 


w Center Bidg., Detroit 2, Mich 
TRinity 5-5600 
Suite 1154, Merchandise Mart Plaza, 
WHitehal! 4-2900 
t: 6355 E. Washington Bivd., 
Los Angeles 22, Calif., RAymond 3-836! 


Chicago 54, IIl., 


7905 Empire »way, Dallas 7, Texas 
Fleetwood 3 

': 224 N. Wilkinson Street, Dayton, Ohio 
BAI dwin 6-2366 
1625 “'K"’ Street, N.W., Washington, D.C. 
District 7-1260 


ALSO AVAILABLE THROUGH YOUR LOCAL 
RCA SEMICONDUCTOR DISTRIBUTOR. 





nes forgotten-during the thundering nt ol | 


a space probe rocket are month 


inalysis, engineering and planning. TI aff of le RANGIAN 


Space Technology Laboratories is now 


a broad program of space research for the Air Force TO 

the National Aeronautics'and Space Administration 
and the Advanced Research Projects Agency under the 

direction of the Air Force Ballistic Missile Division Li FT-OFF 
pace, probe projects STL provides the total concept 
yproach, including preliminary analydis, sub-system 
development, design, fabi TONTCNVAT: ting, launch 
operations and data evaluation\ The total task 
requires subtle original analysis in many fields as 
well as sound technical management 
The STL technical staff brings to this spacé research 


which have provided system Paar: 


and technical direction since 1954 to the 


Force Ballistic Missile Program. Major missile 


stems currently in this program are 

Atlas, Titan, Thor and Minuteman 

The scope of STL’s responsibilities offers creative 
engineers, physicists and mathematicians 

Wpoherciet:) Me) s) sleymacteb etc mcom(crcmao(clbumle(cr-Womccriccle Mba 
working hardware. Inquiries are invited regarding 
staff openings in the areas of Advanced Systenis 
Analysis, Rocket Propulsion, Space Flight Mechanics, 


Dynamics, Structural Analysis, and Aerodynamics 


Space Technology Laboratories, Inc. 


P.O.Box 95004, Los Angeles 45, California 
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New from GPE Controls... 

Model 776F Flow Transmitter has the 
lowest differential pressure requirement 
of any transmitter...as low as 3” w.c. for 
maximum output of 25 volts d.c. at power 
levels up to 5 watts. Permits use of larger 
orifices; transmission over as much as 5 
miles; simultaneous operation of controllers, 
recorders, analog-to-digital converters. 


Automatically extracts square root for 


straight summarization of flows. Also Model 


776D for differential pressure transmission. 





A 
Write for descriptive literature 
G gf ty , Z; G EN E RA L GPE Controls, INC. ctormerity Askania Regulator Company) 


PREC I S I ON 240 East Ontario Street + Chicago 11, Illinois 
COMPANY 











A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 
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» versatile 
is the word 
’ NORTH 
CROSSBAR 
_— SWITCH 


PROGRAMMING 


North Electric’s Crossbar Switch, a 10x10x12 
matrix configuration providing 1200 switching 
points, delivers an almost limitless range of 
switching capabilities and provides new 
efficiencies and economies in industrial 
applications with absolute reliability! 
North’s Crossbar Switch versatility has 
4-WirE been proven by its application to a wide variety 

AUDIO SWITCHING of operational demands. 

FOR MICROWAVE : aa , 
This proven versatility will open new 
potentials for you in the solution of 
complex switching problems. 
For further information write 


INDUSTRIAL DIVISION 


Cond 
NORTH ELECTRIC COMPANY 
oe, 


261 S. MARKET ST. GALION, OHIO SS 


r 


1884 1959 


TH” 


GREATEST YEAR 
\¢ 


PROCESSING 
SYSTEM 
SWITCHING 
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Federal Sign and Signal Corporation 
has combined a highly directional elec- 
tronic siren, a mobile public address sys- 
tem and a car radio amplifier into one 
compact unit. This unique creation, the 
Interceptor, arms police patrol cars, fire 
engines, ambulances and civil defense 
vehicles with a three-pronged weapon to 
cope with life-and-death emergency. 


The Interceptor counts on Tung-Sol 
power transistors to deliver the neces- 
sary three-purpose power with round- 
the-clock reliability. Federal, in fact, 
describes the large complement of Tung- 
Sol 2N242 and 2N382 germanium tran- 
sistors as “the heart of the unit”. 

The 2N242 and 2N382 feature tight 


parameter control, sure-safe hermetic 
sealing and efficient thermal design . . . 


‘s) TUNG-S0 


counts on Tung-Sol transistors 
to power three-in-one sound device 


qualities which assure peak performance 
and long life. 


Like every other Tung-Sol component, 
these semiconductors are the products 
of carefully disciplined factory processes 
and rough-and-tough life testing aimed 
at bringing you the best in componentry. 


Federal Sign and Signal Corp., the 
largest manufacturer of sound-producing 
devices, represents another of the dis- 
criminating companies benefiting from 
Tung-Sol components. Tung-Sol can serve 
you, too, with premium units for any in- 
dustrial or military requirements. Get in 
touch with our applications engineers. 
They'll be glad to evaluate your circuitry 
and recommend the components to fit 
your design. Tung-Sol Electric Inc., 
Newark 4, N. J. TWX:NK193. 
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THE WIDEST RANGE OF 
CAM, TIMERS 


TIME CYCLES . 


2/3 Seconds to 72 Hours in 600 steps 


R.. you'll find the cam timer 
you need in Industrial Timer’s unequalled selection 
of standard single-cycle and recycling timers in single and multi- 
switch types (up to 50 switches). Every model gives you 50 different 
overall time cycles, ranging from its lowest cycle up to 9 times that 
cycle. And standard cam construction lets you adjust ON and OFF 
periods from 2% to 98% of the total time cycle. Here is unsurpassed 
flexibility in cam timer selection and function. 


i: you don’t find the timer you 
want in this unmatched range (a highly unlikely possi- 
bility), Industrial Timer’s unique Timer Kit will help pro- 
vide the exact timer you need at low cost. With this 
kit you can design your own prototype, and since the 
kit components are standard in our line we can reproduce 
your prototype—in quantity—at no extra cost. 
For fast delivery on a standard or special Cam Timer check first 
with Industrial Timer. For more information ask for Bulletin 200 Syn- 
chronous Motor Driven Cam Timers, Bulletin 201 Multi-Cam Timer Kit, Bulletin 
202 Multi-Cam Switching Devices. 


Industrial Timer’s complete line of timers also includes: 
Time Delay Timers, Interval Timers, Running Time 
Meters, and Programmers. Bulletins describing these are 
available on request. 

AFFILIATE—LINE ELECTRIC COMPANY 


Timers that Contre ciel) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry : 1409 McCARTER HIGHWAY, NEWARK 4, N. J. 
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FOR SYSTEMS OF NAVIGATION, GUIDANCE, TRACKING, 
COMMUNICATION, DETECTION, RANGING, COMPUTATION 


Original Bowmar concepts in servo design and packaging 
are playing an important role in space navigation to make 
“way-side” landmarks out of celestial bodies. 


Achievement of these objectives becomes more evident 
as the nation’s leaders in space and flight control systems 
increasingly utilize Bowmar’s collateral engineering skills, 
production facilities, and servo packaging hardware. 


With strong accents on reliability, Bowmar has step by 
step improved the state of the art in precision control, 
guidance, computation, and communications packages 
while contributing ic extraordinary reductions in system 
weights and sizes. 


Bowmar skills have been demonstrated repeatedly in sys- 
tems for many of the nation’s most important aircraft, 
missile, and rocket programs. This has been achieved by 


OWMAR* 


INSTRUMENT 


Bowmar’s knowledgeable grouping or packaging of com- 
ponents into complete functional assemblies, ready to 
perform system thinking processes. 

These engineering skills and expanding facilities are 
readily available to help reduce system weight and size 
while improving reliability. 

Bowmar’s technical and administrative staffs welcome the 
opportunity to demonstrate how these skills may be ap- 
plied to your precision control, guidance or computation 
systems. Your specific inquiries are invited and will receive 
prompt replies. 


Write for Newest Handbook and Name of 
Nearest Bowmar Representative 


CORPORATION 





8000 BLUFFTON ROAD ° 


FORT WAYNE, INDIANA 


PRECISION ELECTROMECHANICAL CONTROLS AND INSTRUMENTATION, 
SERVOMECHANISMS, PRECISION MINIATURE GEARHEADS, 


NAVIGATIONAL COUNTERS, 


1960 


INDICATING DEVICES 
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New solid-state computer and desktop X-Y plotter. 


94 


With a 
PAC E* Computer you can 
TORTURE A 


CAT CRACKER ... 
simulate 
any dynamic problem! 
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These men are simulating the performance of a 
catalytic cracking tower on a PACE Electronic 
Analog Computer. They are developing the 

ideal combination of pressure, temperature and 
flow for better process control and improved 
refinery efficiency. 

This ability to study dynamic characteristics on 
electronic analog computers and to test equipment 
to destruction before it is built—is aiding a variety 
of industries in upgrading processes and developing 
new designs. Analog computers simulate machine 
or process performance and chart accurate 

graphic pictures of what happens under extremes 
of speed, pressure, temperature, etc. When 
destruction or breakdown occurs, the reason is 
clearly indicated. This helps engineers to 
“‘design-out” problems before pilots or prototypes 
are built. It means new and safer methods of 
operation can be found—with less engineering 
time and expense. 

Electronic Associates, the world’s largest 
manufacturer of general purpose electronic analog 
computers, offers a complete line of analog 
computing equipment and accessories. And you'll 
be surprised to learn how easy this equipment 

is to operate. 

To help you solve specific problems and gain 
first-hand knowledge of the benefits of analog 
simulation, EAI operates three Computation Centers. 





Here, experienced analog specialists and the 
most advanced equipment combine to provide fast, 
practical solutions to your most complex 
problems. For additional information, write 

for Bulletin CC-821-A. 


If you would like information on how actual 
problems were solved with PACE Analog Computers, 
mention your field of interest and we’ll send 
appropriate literature. 


Outstanding career opportunities for engineers 
with proven ability — résumés invited. 


ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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INDUSTRY’S PULSE 


The Aircraft Industry 
Shudders 


Cutback of the B-70 program, design of a Mach 3 bomber, threatens 
to upset aircraft companies—and their control equipment suppliers— 
more than any event since the cancellation of World War II produc- 
tion contracts. Following close on the heels of the cancellation of the 
F-108 (Mach 3, long-range interceptor fighter) the B-70 reduction 
has convinced a lot of suppliers that the days of the giant military 
aircraft contract are over. At aircraft-oriented Wright-Patterson Air 
Force Base, long time Air Force employees are even wondering if that 
famous aircraft development and procurement base might not be 
shut down. What makes the situation particularly pessimistic for 
control suppliers is that commercial airlines show little interest in 
sophisticated devices the control men developed for the military. 

The F-108 cancellation (CtE, Dec. ’59, p. 50), killed three ‘control 
systems. ‘Iwo others—Hughes Aircraft’s fire control and Hamilton 
Standard’s environmental control—were saved because they were 
planned for the B-70 too. Now the subcontractors on these programs 
face loss of the projects because prime contractor North American 


Aviation is pulling subcontract work back into its own plant. 


Directly affected by the B-70 reduction were three other control 
equipment projects that were cancelled: IBM was developing a bomb- 
ing-navigational system on which $57 million had already been spent; 
Westinghouse Electric Corp. was working on a defense system, had 
spent $2.5 million; and Motorola had barely started to develop traffic 
control equipment (spending was only $300,000). 

It now seems doubtful whether the B-70 will ever go into production. 
The Air Force degraded the project to an R&D status, ordered only two 
prototype airplanes. 

Control makers, who had hoped that commercial aviation, switch- 
ing to jet liners, might take up some of the slack, now are convinced 
that such a hope was only a pipe-dream. ‘The airlines have shown 
little more than scientific curiosity in such items as cruise control, 
automatic landing systems, all-weather navigation, etc. 


Civil aircraft looms as a good potential market. Sales of small busi- 
ness and utility aircraft have doubled during the period from 1954 to 
1958. In 1958, for example, 6,414 such airplanes, valued at $135 mil- 
lion, were sold. With 1959 figures not yet in, industry observers pre- 
dict the year will set a record for light plane sales, hitting $150 million. 

Commercial aircraft (airlines) will drop in numbers but will increase 
in need for control equipment. The drop in number is caused by the 
shift to the larger capacity jet liners. As of July 1, 1959, U.S. com- 
mercial airlines had this equipment: 1,921 piston-powered planes, 155 
turboprop craft, 35 turbojets, and 21 helicopters. By January 1, 1963, 
the makeup of commercial aviation is expected to change to this 1,050 
piston aircraft, 349 turboprops, 305 turbojets, and 30 helicopters. 


1960 
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SYNCHROS for GYRO PLATFORMS 


by TP 
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-y 5 


Ci NGINEERS — Join the(leader in the rotating components field. Write David D. Brown, Director of Personnel, Dept. J7 


T oj | es ho) -)~1 Rot (10) i). 0) >) 0 ou gm ote | [od 


So h.7 Foon Alt: CH.. fee P oR SY £ VAM ASA 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa., Hilltop 9-1200 « TWX Flanders, Pa. 1122—or our Representatives 


96 CIRCLE 96 ON READER SERVICE CARD CONTROL ENGINEERING 





JANUARY 


Why aren’t these two potential users of control equipment becoming 
customers? Buyers of light planes usually try to keep their accessory 
equipment to a minimum—because of cost, inability to maintain it, 
and lack of knowledge of how to operate it. Some light aircraft carry 
only a compass, eschew even a simple two-way radio. 

For the commercial airlines, the reason is different: inertia. As 
one veteran aircraft expert put it: “The airlines insist on flying exactly 
the way they did 30 years ago when they landed on a farm and picked 
up passengers in front of the barn.” And the airlines are letting the 
Federal Aviation Agency pick up the tab for as much as possible. 


Certainly there are a lot of devices already developed that would 
improve airline service—devices in which the airlines have demon- 
strated little interest. In 1950, for example, the Air Force demon- 
strated the feasibility of all-weather, on-time scheduled flying by instru- 
ment control. Commercial airlines: have ignored this program as if 
they were proud of their tendency to scramble schedules as soon as 
the weather turns bad. 

Since 1954 the Air Force has studied cruise control, a device to 
help the pilot fly at maximum fuel efficiency. Air Force pilots found 
a $1,500 cruise control improved fuel consumption by as much as 25 
percent, let jet aircraft fly within 99 percent of maximum design range. 
Today, only one commercial jet aircraft type lras cruise control; Con- 
vair is testing it on the 880, which is scheduled to go into service this 
month. 

Anticollision controls are the one sophisticated device that airlines 
seem interested in (and it took several mid-air collisions to convince 
stubborn airline executives of this need). But most measurement and 
control equipment—airborne computers, sophisticated navigation sys- 
tems, air data systems—are almost totally ignored by commercial 
operators. 


The one bright spot in this picture is what may happen at the Fed- 
cral Aviation Agency. The FAA has started to realize that cow pasture 
flying is out of date with jet aircraft. The FAA has plans for an exten- 
sive R&D program of its own. And over the next few years, the agency 
seems headed towards a tougher policy of forcing the use of more 
control equipment, particularly for safety. (One recent example: 
FAA has required all commercial jet aircraft to carry a radar trans- 
ponder so the planes can be identified on the ground by air traffic 
controllers). Even the light aircraft of general aviation will be required 
to carry a higher level of instrumentation. The big question for 
makers is when. 
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PHILCO ANNOUNCES... 





HIGHER FREQUENCY...HIGHER BETA 


with Extremely Low Icg in 2 New SILICON TRANSISTORS 


SAT* 2N1428... 


2N1429 


Stable at Temperatures up to 140° C 


wPuT 


= 100 K 
-12 ppt = 


0 OUTPUT 


2Nn1428 


~ I 


2200 wef 


LOW LEVEL (<1MV) CHOPPER 


These two new Philco PNP Silicon Surface Alloy Transis- 
tors are designed for general purpose high frequency 
amplifying and switching applications. They offer ex- 
tremely low saturation resistance (approaching that of 
germanium transistors) ... high fr .. . low leakage current 

. good inverse Beta . ; low offset v oltage . . and excel- 
lent frequency response. The combination of high Beta 
and low Ico makes these transistors excellent for use in 
DC amplifiers, low level choppers and other critical con- 
trol circuits. They are suitable for: 


. . high speed switches, operating at speeds up to 5 me. 
. . general purpose high frequency amplifiers. 
. . DC amplifiers. 
. high input impedance low frequency amplifiers 
and choppers. 


immediately Available in Production 
Quentities...and from 1 to 99 from 
your local Phiico Industrial Semi- 
conductor Distributor. 


2ni426 ' 2mi426 
2ni429 2429 


+5.0V 


1 MC BINARY STAGE (—55°C TO +125°C) 


These two transistors are electrical equivalents, but offer 
a choice of packages ... the popular small TO-1 package 
and the standard TO-5 package. Designers of industrial 
control and test equipment will find that they deliver 
excellent performance at high ambient temperatures. 
Write Dept. CE-160 for complete information and application data. 


*SAT ... trademark PHILCO Corporation for Surface Alloy Transistor 


Absolute Maximum Ratings 


Storage Temperature —65 to +140° C 
Junction Temperature. +140° C 
Collector to Base Voltage, Vee —6 volts 
Collector to Emitter Voltage, Vceo —6 volts 
Collector Current, Ic........ —50 ma 
Total Device Dissipation at 25° C (Note 2) .100 mw 


PHILCO. 


LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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Control Still Expanding 


Through their own experiences in the last six years, engineers have seen 
the control field form. The formative process integrated elements in a way 
that has confounded manufacturers, educators, marketing people, and some en- 
gineers who had neatly tucked the elements into pigeonholes. Yet with little 
strain the new field has accommodated: 
¢ design and application 

mathematical abstraction, hardware, and clever improvisation 

electronic, pneumatic, hydraulic, optical, and electromechanical techniques 
aero-space and industrial applications 

process instrumentation and industrial control 

While the field gathered its elements, it spawned developments that caught 
up with the ideas of even the most visionary forecasters. For instance, during 
the six formative years numerical programming of metalworking and metalform- 
ing machinery went all the way from an idea to commercial payoff. Toward the 
end of the period computing-control of manufacturing processes and missile 
flight began to emerge from a maze of difficult identification and programming 
problems to find an expanding range of profitable applications. 

Our forecast of control in the sixties (pages 101 to 107) reveals our convic- 
tion that the field has by no means jelled; that it will add a dimension or two, grow 
from a field into “a universe of automatic systems”. ‘These systems will encom- 
pass more and more of the design and management phases of business and indus- 
try. They will also include areas of intelligence, such as automatic translation, 
abstracting, learning processes, and teaching. Because they will depend upon 
equipment and technology with which the well-informed control engineer has 
become familiar, it follows that they will fall within his province and that we will 
cover their design and application during the new decade 

But not enough of the varied types of engineers drawn into instrumentation 
and control work have taken the opportunity to fully inform themselves. 

“Squeaky wheels” have had their attention; ww Maths control and new math- 
ematical tools for systems synthesis have not. ‘These engineers and new recruits 
to the field will face an increasing need to know the fundamentals of controlling 
information as well as the practices of controlling machines and processes. ‘To 
fill their needs we will devote increasing attention to applied information theory 
and applied switching. ‘To match the nature of the expanding applications we 
will adapt statistical techniques, game theory, and linear programming to the 


needs of the automatic systems engineer. 
UE Vaunal 
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This new precision DC VTVM 1s also 
a wide range, precision ohmmeter and ammeter ! 


1% accuracy 
100 jv to 


1,000 volts! 


Also 2% accuracy, 1 ya to 
1 amp full scale. 


Measures 0.02 ohms to 
5,000 megohms. 


No zero adjustment. 1 minute 
warm-up. 


= —— Floating chassis. $1,000 worth 


Haven’t you wished for one compact, simple in- 
strument that would make precision dc voltage, 
de current and resistance measurements over a 
wide range? 


The new ® 412A is it! In its VTVM circuit, the 
412A uses an exclusive # photo-chopper instead 
of old-style mechanical vibrators—no drift, no 60 
cps pickup. Input is floating, with resistance in- 
creasing from 10 megohms on the 1 mv range to 
200 megohms on ranges above 100 mv. Current 
and voltage ranges have a 10 db sequence for 


# 400L LOGARITHMIC 
VOLTMETER—$325 


® 400H PRECISION 
VOLTMETER—$325 


of convenience for $350! 


maximum readability and overlap. The ohmmeter 
is a modified Kelvin bridge eliminating lead resist- 
ance error; you measure resistance accurately on 
hook-up wire sections as short as 6”. 


Model 412A also includes a 1 v or 1 ma recorder 
output, and 3 separate probes. Call your ® rep 
today for a demonstration on your bench. Price, 
$350. 


HEWLETT-PACKARD COMPANY 
1001H PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘*HEWPACK’’ * DAVENPORT 5-445] 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


@ 400D WIDE RANGE 
VOLTMETER—$225 


New ® voltmeter covers 10 
phat bay accuracy 


range 

0.3 mv to 300 v, 12 ranges, 1-3-10 se- 
_—. Max. full scale sensitivity 1 mv. 
5” true log voltage scale, linear 

12 db scale, generous overlap. High sta- 
bility, high input impedance. Also use- 
ful as amplifier for small signals, or 
to monitor waveforms. 


Extreme accuracy as hig 


as +1% to 600 K ee 
1MC, +5%fullrange. Fre- ~ 


quency coverage 10 eps to 
4 MC. La 5” meter with precision 
mirror scale. Voltage range 0.1 mv to 
300 v; max. full e sensitivity 1 mv. 
High 10 megohm input impedance mini- 


mizes circuit disturbances. Amplifier’ 


with 56 db feedback insures lasting 
stability. Reads direct in db or volts. 


H quality, extremely 
weet Govers 10 cps to 
_4MC. Highly sensitive, ac- 

” curate to. within +2% to 1 
MC. Measures 0.1 mv to 300 v; max. 
full scale sensitivity 1 mv. Reads direct 
in dbm. High 10 megohm input imped- 
ance virtually eliminates circuit load- 
ing. 56 db amplifier feedback insures 
high stability and freedom from change 


~ due to external conditions. 
Data subject to change without notice. Prices f.0.b. factory 


ap) complete precision voltage measuring equipment 
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Control Enters a 
New Decade 


WILLIAM E. VANNAH 
Control Engineering 


Economists have peered into the 
coming decade and foreseen ““The 
Golden Sixties”. Labor unions 
have laid out a schedule of objec- 
tives that may lead to a four-day 
work week sometime in the sixties. 
Business editors predict that 
“plants with unblievable automa- 
ticity” will be built to produce the 
economic bonanza and to make 
possible a shorter work week. Both 
will hinge on automatic systems 
of a more and more sophisticated 
character. Here is our forecast of 
their scope, form, and direction. 


Interview after interview with planners 
-and thinkers in the field has confirmed the 
belief of the editors that the pace of con- 
trol will accelerate and that its province 
will expand into a broad universe of auto- 
matic systems—led by automatic informa- 
tion systems and closely followed by em- 
phasis on larger capacities and faster speeds 
of power converters and actuators. 
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Relative Production Increases, 
1960 -1970, by Industries 


Source: 
McGraw-Hill Dept. of Economics 
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FIG. 1. Production of the instrument 
and control industry will increase more 
than that of any industry other than alu- 
minum and utilities. Aerospace will absorb 
up to sixty percent of the production. 
Machine and chemical industries will 
take nearly half of the remainder. 





Expenditures will 
treble if labor transitions 
are made 


Three key influences will determine the basic 
nature and scope of the control engineer’s work: 
growth in the national product, increase in the use 
of control products to effect the production growth, 
and the development of new control techniques. 
The left of Figure 1 reveals the production growth 
expected in major industries during the new decade. 
All are industries in which control engineers are be- 
coming more active. The colored bar represents the 
probable increase in production of products that the 
control engineer will apply. The right of Figure 1 
presents an estimate of how manufacturing industries 
may absorb the production. Together, the two sides 
of Figure 1 offer substantial evidence that the abili- 
ties of the control engineer at making operations 
more automatic will be in even greater industrial 
demand than during the past five years. 

The nature and source of demand for his services 
will vary throughout the decade. During 1960 the 
steel, chemical, aluminum, machinery, automotive, 
paper and pulp, and rubber industries will work him 
hard. All of them plan to increase their capital 
expenditures by more than 20 percent. Full work 
schedules will be true in the aerospace industry 
during the first half of 1960, but toward the year’s 
end one control engineer in five may find his projects 
running out because of Administration plans for 
concentrating major aerospace programs. Heavy 
industry, particularly steel and aluminum, will stress 
getting the job done rapidly and yet with advanced 
equipment, for it is determined to carry through 
extensive modernization. During 1961 the manu- 
facturing industries will begin to taper their capital 
expenditures. Economic justification will become 
more important as the year progresses and will be- 
come crucial during the recession expected toward 
the end of the year or early in 1962. 

Economists say that our current economic cycle 
has slid over the capital investment boom phase of 
the four-phase cycle: consumer spending, capital 
investment boom, plateau, and recession. The capital 
investment and plateau phases are merging. How- 
ever, they believe that the next cycle will pass 
through all of the phases and will run a course of six 
or seven years. If this comes to pass, the control 
engineer should encounter a heavy and steadily 
increasing demand all through the middle of the 
decade. Ambitious approaches and highly sophisti- 
cated systems tried out technologically and eco- 
nomically early in the sixties will be welcomed. If 
all of the economic, social, and technological pieces 
fall together as they are expected to, the control 
field will expand into a universe of automatic systems. 
During the expanding years the man we now call a 
control engineer will become an automatic systems 
man, truly a “doctor of performance”. 


Over the rosy picture hangs a persistent cloud— 
the growing problem of transforming workers who 
are displaced by technologial advances. The indus- 
tries that expect the greatest increases in production 
and in the use of more-inclusive automatic systems 
are the same industries that have already entered on 
a round of negotiations over work rules. On one side 
is the necessity of adopting technological advances 
to remain competitive nationally and internationally. 
On the other side is a very real obligation to displaced 
workers. Obligation and necessity must be joined. 
Otherwise labor trouble or fear of labor trouble will 
slow to a walk the control application pace that we 
have forecast. 


Momentum will extend 
applications, primarily in 
piecemeal fashion 


Completely automatic production control of an 
electric apparatus fabricating plant will go on-line 
this year. A dozen major chemical processing units 
will be computer controlled. Such technological 
milestones will excite the field. They will snowplow 
the way to economically important systems of even 
grander scale at mid-decade. 

Until then, however, most of the progress will be 
piecemeal. One control engineer calls it “creeping 
automation”. An electrical manufacturer succinctly 
refers to it as “forming islands of automation”. It is 
the process of steadily closing one information loop 
or control loop after another. ‘Through it the momen- 
tum of instrument and control means introduced in 
the late fifties is carrying the field into the new 
decade. Because they are proven means and because 
there is available an adequate technology for han- 
dling peculiar control problems with them, their 
applications will spread to operations not previously 
regarded as prime prospects. Static switching is a 
striking example. Magnetic amplifier static switching 
is being joined by transistorized static switching, 
hybrids of the two, and hybrids with improved 
electromechanical relays and contactors. From this 
switching family compatible hybrids will be selected 
for newfound applications: conveyor controls, annun- 
ciator systems, programmers, automatic processing 
lines, automatic warehousing, and eventually machine 
tool control. From the same family other hybrids 
will go into a growing variety of launching, checkout, 
and inspection systems for missiles and space vehicles. 

Control of electrical power generation and distri- 
bution demonstrates the time scale and scope of the 
piecemeal approach. Informed sources state that 
computer control systems will: 

*execute programming of automatic startup, shut- 
down, and constant operation by 1962 

* calculate plant performance and accordingly control 
variables to produce more nearly optimum perform- 
ance by 1962-3 

* back up individual control loops by 1962 
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FIG. 2. The closing of one information or contro] loop after another to interconnect auto- 
matic production units will bring about the fully automatic steel mill. Graphic symbols 
denote production islands which are largely automatic now. Users will perfect the information 
systems and formulate control functions; makers will engineer the hardware systems. 
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Courtesy General Electric Co. 


* supplement individual control loops with noninter- 
acting variables control before 1965. 

The first fully automatic generating system will 
be in operation by 1970, but probably not earlier. It 
will fulfill three functions: 

*continually compute incremental operating efh- 
ciencies to trim the incremental cost function-gen- 
erators of each unit (present function generators use 
month old efficiency data) 

¢ predict loads by one-half hour in advance so that 
auxiliaries or units can be automatically warmed up 
in time to handle new loads 

*compute maintenance schedules, program outages, 
plan system load growth, and account power bought 
and sold overinterchanges. A joint Philadelphia 
Electric-Minneapolis-Honeywell development pro- 
gram is already attacking the last item. 

Advances in the basic steel industry point up addi- 
tional factors of the piecemeal approach throughout 
industry: the tremendous number of compatible 
interconnections to be made, a need to “know the 
process” much more completely, and a need for 
refined instruments. Figure 2 shows some of the 
pieces or islands to be instrumented and linked. All 
three factors lead engineers at American Steel & 
Wire and at Jones & Laughlin Research to feel that 


pass measurement, data transmission, data storage, 
computation, programming, and presentation. De- 
vices for carrying out most of these functions are 
available or may be adapted. For instance, blast 
furnace charge analyses will be made by X-ray emis- 
sion and nuclear magnetic resonance and fed directly 
to computers for determining process interrelation- 
ships. By this method steel industry control engineers 
and control system manufacturers will close loops 
one at a time until, by 1964, they will have com- 
pletely integrated blast furnace contro] in hand. Open 
hearth furnaces will get the same treatment but 
progress will be slower. Complete computer control 
of new processes such as oxygen enrichment may 
come about sooner, for process and computing- 
control system will be tailored from the beginning. 

Automatic inspection of products which have not 
been made automatically offers one more example 
of how initial emphasis on information systems in 
new problems will lead to fully automatic control. 
It has become economically practical to automatically 
inspect fabricated products that could not be auto- 
matically made. The statistical quality control infor- 
mation now produced by automatic inspection sys- 
tems will be used to automatically regulate fabricated 
product manufacture. Special computers using hybrid 


information systems will get predominant emphasis 
for the next three years. Information systems encom- 
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analog and digital techniques will reduce real time 
quality data and feed it to stored program digital 





systems that will furnish the links for currently 
available machine regulators and actuators. In this 
way the use of regulators and actuators will extend 
to heretofore uncontrollable fabricating operations. 


New requirements will call 
for new means, larger capacities, 
faster speeds 


By 1970 designers of industrial equipment will 
more than double their purchases of adjustable speed 
electric motor drives. Dec drives will dominate. 
Adoption of solid-state devices such as the silicon 
controlled rectifier will bring in smaller, more reliable 
power packs for them. In ac drives, development will 
continue on improved insulation, notably the 
epoxies, and on wound rotor motors controlled with 
magnetic amplifiers. F.C. Willams of the University 
of Manchester, England, has invented a variable pole 
pitch induction motor in which continuous four-to- 
one speed control is an integral part. His group has 
built 50-cps and 400-cps motors with efficiencies as 


high as 67 percent. Under R. M. Saunders at the 
University of California (Berkeley), experimental 
construction of similar motors is nearing completion 
for derivation of design and application principles. 
See “Strange New Ball Motor”, page 131 of this 
issue, for another development in adjustable speed 
ac motors. The power required to vary the speed of 
these motors, their power handling capability, and 
their speed of response will improve sufficiently by 
mid-decade for adoption by industry. 

Controls with higher intelligence will require a 
multitude of memory and decision elements. Single 
modules for all logical connective operations—AND, 
OR, NOT, NOR, delay, conversion, and memory— 
are now on the market. Complete modulator and 
flip-flop circuits made of single semiconductor crys- 
tals have evolved from defense miniaturization pro- 
grams. Packages containing functional combinations 
of logical operations will be introduced this spring 
and will hit their full application stride by mid-1962. 
Matchbox-size epoxy potted cans will contain one or 


FIG. 3. Mass-produced silicon 
controlled rectifiers will in- 
crease their current ratings and 
dollar volume sold by an order 
of magnitude in ten years; 
they will compete with all 
other types of rectifiers, from 
glass thyratrons to metal tank 
ignitrons. 


FIG. 4. Manufacturers will re- 
fine transistor designs and pro- 
duction techniques to get con- 
sistent quality at triple the 
production rate. Exploitation 
of fusion techniques will ad- 
vance power and frequency 
ranges to theoretical limits. 


STATE OF ART 
TIME -TECHNOLOGY ESTIMATE, 
CONVENTIONAL TRANSISTORS 


Courtesy C.H. Zierdt,Jr., GE Semiconductor Products Dept. 





FIG. 5. Maximum computing 
speed (when introduced) of 
commercial computers intro- 
duced since 1950 and expected 
increase in maximum comput- 
ing speed through 1970, curve 
A. Based on time to add two 
10-digit numbers. 

Maximum computing speed 
of experimental computers, 
curve B. Will solid-state tech- 
niques cause an upward bend 
and jump? Curves A and B 
flatten and approach one an- 
other above ten millimicrosec 
computing speed because of 
expected pulse timing limits of 
components physically only 
wavelengths apart. 

Will maximum computing 
speeds of computers for indus- 
trial control follow curve C? 


A Averoge commercial maximum speed 
B Averoge experimental speed 
C Moximum speed for computing control 
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another of these complete functions: 
* counting 
* entire shift register 
*code conversion 
* microminiaturized magnetic digital-to-analog con- 
version that. will include all necessary decision logic 
* comparator, in which a bidirectional counter takes 
the algebraic sum of command and measurement 
information, and a digital-to-analog converter pro 
duces the result in analog language for control action. 
Such functional logic packages introduced this 
spring will be a boon to the man who tackles com- 
puting-control by biting off unit operation by unit 
operation. By 1961 he will be right in the middle of 
a major controversy over whether control computers 
should be general purpose or special purpose. He will 
contend that his unit-by unit approach is tailored to 
his pocketbook and to his knowledge of the things to 
be controlled. The approach is an extension of pres- 
ent control practice. He will also explain that plant 
engineers can follow the relationships between his 
programming and the process variables because the 
configuration in which he arranges the functional 
logic packages, or patchboards of a special purpose 
analog computer, is his basic programming. 
Computing-control problems growing out of the 
unit-by-unit approach will require general purpose 
digital computers of all ranges. The shaded area out 
of which curve C in Figure 5 rises represents the 
present speed range of digital computers for indus- 
trial use. Average computing speed for industrial 
problems is several orders of magnitude below the 
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maximum speeds of commercial computers shown by 
curve A. But once automatic inventory and auto- 
matic scheduling systems are tied in closed loops 
to computer controlled production processes, the 
immensity of the necessary high speed memories will 
require much greater computing speeds. Does 
curve C predict the consequence—that the scope of 
applications tackled by 1970 will require the speed of 
the fastest computer built to date? 

Needs of mechanical processors of metals, plastics, 
and glass for continuous measurements of product 
quality and for in-process physical characteristics 
will spur development of a battery of higher resolu- 
tion instruments. Magnetic read-and-erase measure- 
ments of running length and radiant energy measure- 
ments of thickness are available now. An optical 
means of measuring surface quality, complete with 
complex logic circuitry for evaluating quality, will be 
introduced by a steel maker this year. But yet to 
come are completely satisfactory methods of continu- 
ously measuring sheet width, tube eccentricity, hard- 
ness, modulus of elasticity, inclusions, faults, and 
curvatures of structural cross-sections. Eddy current 
techniques should meet some of these needs. Higher 
resolution process instruments for measuring weight, 
liquid level, and flow rate will come on the market 
by 1965 under the impact of processes with higher 
resolution and the requirements of continuous 
inventory and yield control systems. 

Interest in dynamic display—the display of infor- 
mation which changes rapidly—has mushroomed 
with the introduction of complex electronic systems 





for air trafic control, for complex simulation, for 
tactical defense systems, and for large production 
control systems. Three main developments are un- 
derway: new cathode ray tubes, optical techniques, 
and miscellaneous devices. In the next ten years 
flat cathode ray tubes with pictures three times 
brighter and 20 times sharper than conventional 
cathode ray tubes will come into widespread use. 
Three-color display and three-dimensional display 
models will be available. In optical techniques the 
major emphases will be on use of color and on 
improvement in the resolution and _brightnesss 
of the TV picture. Isometric display is under study. 
Electroluminescent materials will find wide applica- 
tion in miscellaneous display devices. 

Probably the most dramatic improvements in auto 
matic systems will come about through efforts to 
get man in space. A manned station and commuting 
rocket ferries will be in service by 1965 if a joint 
proposal by Hughes Aircraft and Lockheed is carried 
through. For the prefabricated pieces of the station 
to hit the carefully selected orbits necessary for 
assembly of the station would require guidance 
systems better by at least an order of magnitude 
than those available today. The accuracy of gyros 
with mechanical bearings will be insufficient. Minne 
apolis-Honevwell has announced a beryllium gyro 
rotor suspended electrostatically in a hard vacuum. 
Use of nuclear spin momentum and vibrating crystal 
lattices are other possibilities. In a shorter range 
approach to improved accuracy, Ford Instrument Co. 
is building a platformless inertial guidance system. 
A digital computer will continually calculate and 
compensate for accelerations measured by inertial 
accelerometers. Strides in miniaturizing digital com- 
puters will make possible this approach. — 

The sensitivity of electronic devices to extreme 
temperature ranges and highly radioactive fields will 
require development of miniature pneumatic and 
mechanical components for computation and actua 
tion in aerosnace vehicles. Pneumatic, mechanical, 
and electronic systems will trend toward all-digital 
so that loop language will be compatible. 


Control objectives will 
spread from production to 
management and design 


Control engineers will continue to bring produc- 
tive elements, that is machines, vehicles, and proc- 
esses, more completely under control. But their objec- 
tive will spread beyond the control of productive 
elements to automatic control of complete businesses. 
Here the productive element will comprise one sub- 
system in a complex multiloop feedback control 
system. The input to the subsystem will be com- 
mands from management, engineering, market re- 
search, and product design specifying how much of 
what to make. Its output: product, plus information 
feedback. Once outside the producing subsystem the 
problem will be primarily one of controlling infor- 


mation. Information on markets, customer demands, 
transportation options, competition, raw material 
sources, and production status will be rapidly di- 
gested by data processing machinery to yield manage- 
ment guidance and dynamic commands that tell 
what to make, how to distribute it, where to store it. 

The advent of computer controlled processes and 
machines means that production commands can be 
generated more directly in the creative groups. De- 
sign machines that incorporate physical design capa- 
bilities with routines for converting information into 
production command language will draw production 
and engineering more closely together. 

The dynamic characteristics of entire businesses 
will become important. The flexibility and more 
rapid chanageability sought in production today will 
be the goals of whole businesses. Physically it will 
mean the interconnection of business data handling 
equipment with product design equipment and auto- 
matic production control loops. 

Examples demonstrate that some progress has been 
made toward the new goal. A parts supplier uses a 
digital computer to schedule steel sheet substitution, 
to keep track of in-process inventory, and to forecast 
machine loads. An automobile manufacturer uses a 
computer to match assembly and parts production 
with customer options. A petroleum products pro- 
ducer regulates the production of widespread refin- 
eries in accordance with weather, inventories, com- 
petitive action, international situations, types of 
crude on hand, and maintenance schedules. Figure 6 
shows an example that starts with computer con- 
trolled production and looks toward the complete 
computer integration of an entire telephone manu- 
facturing and supply system. 

Prototype systems for automatic design already 
convert design shapes to mathematical formulas, 
optically present shapes, prepare tables, and convert 
formulas and tables to numerical programs through 
Automatically Programmed Tool (APT) languages. 
Soon a manufacturer of drafting machines will intro- 
duce a machine that will prepare layout drawings 
at the same time that the metal-working program 
computer prepares numerical programs. The APT 
programs will extend to the calculation of stresses, 
deflections, structural dynamics, and complex struc- 
tural members modelled after hone structures. Tapes 
will also program materials handling machines 
located between metalworking machines. Beyond all 
this is a mushrooming variety of automatic systems 
that will translate documents, abstract and retrieve 
technical information, and perform differential med- 
ical diagnosis. All of these operations are based on 
logic; where the logic is clear and the vocabularies 
are well-defined, progress will be rapid. But where 
interpretation and perception are necessary and 
where the vocabulary is the product of techniques 
gathered from many scientific disciplines, progress 
will be slow. Ironically, this is true of cross-discipline 
functions like control and energy conversion. 
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FIG. 6. At the Winston-Salem, N. C., plant of Western 
Electric an on-line LGP-30 automatically controls the quality 
and production of a bank of automated machines that make 
carbon resistors. Current Western Electric studies are pointed 
toward computer control of entire plant production, including 
manual operations. The company’s engineers would subse- 
quently look to automatic integration of the production of 
other plants in the same region of the country and some day 
to participate in the linking of Western Electric and the Bell 
Telephone System into one automatic manufacturing and 
supply system. 


Automatic 
systems engineering is 
where you find it 


Practically without exception a combination of 
user, consultant or contractor, and maker join in the 
job. Contrary trends exist, one to the end that the 
systems maker will engineer those systems in which 
knowledge of the thing to be controlled is common, 
and the other in which the systems user will pre- 
dominate because he holds closely the necessary 
knowledge. The closer applications get to produc- 
tive, directive, and creative operations that determine 
one user’s competitive edge over another, the more 
closely the user will draw systems engineering into 
his own engineering departments. Consequently the 
further it will move away from the maker of auto- 
matic systems. A current example is the chemical 
processing industry, in which processing techniques 
and formulations are the hard won competitive edges. 
Because any major process improvements through 
improved automatic systems directly affect the edges, 
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the chemical processor's engineers are taking over 
more and more of the systems engineering. 

Major machinery manufacturers are beginning to 
dominate the specification of their automatic systems 
because their responsibility for satisfactory operation 
of the whole automatic metalworking system in- 
creases with its extent of information and control. 

While the steel industry will continue to rely on 
outside control specialists, it is tending to develop its 
own information systems. This is particularly true 
where entirely new measuring means are required, 
and where extensive process testing is underway for 
formulation of control functions. The basic reason 
is not the wish to increase a competitive edge, for 
there are few processing secrets in the basic steel 
industry. The reason is a very practical engineering 
one: the steel manufacturers have the processes and 
the requirements for uncommon information sys- 
tems. Nevertheless, once they have thoroughly 
formulated the information and control system prob- 
lems, they will continue to turn to suppliers for de- 
tailing the system hardware. 











THIS IS AN INVITATION TO THOSE WHO ARE INTERESTED IN COMPUTERS. 


Come and sit in this chair. Set up Panellit’s ISI 609 Process Informa- 
tion & Computer System to your type of problem. Compare its 
performance with large scale computers. Question Panellit engineers 
and computer men to your heart’s content. 


Whatever you decide, yours will be an informed decision. 


FOR YOUR PRELIMINARY INFORMATION, HERE ARE SOME DESCRIPTIVE FACTS: 


The ISI 609 is a solid state general purpose computer with internally 
stored program of exceptional versatility which can be directly coupled 
to your process. The machine can be used simultaneously for: 
ON-LINE—Monitoring, Data Processing, Performance Analysis 
and Control. 
OFF-LINE—General Purpose Analysis. Entirely Separate from 
2 ON-LINE Operation. 
OFF-LINE analysis using ON-LINE data stored in memory. 
Study your process without interference with daily operation, in 
effect utilizing your entire plant as a full scale research project. 


1S} 609 HAS FEATURES COMMON TO LARGE SCALE COMPUTERS, INCLUDING: 


Comprehensive Order Code—Multi-Programming Capability— 
4096 B-Line Registers. 

y) Automatic Program Modification and Time Sharing. Separate 
Operator Control Console and Computer Control Console. 
Ferrite core memory of 4096 words with 39 bits each. Two 19 Bit 
Instructions or three 13 Bit data constants per word can be 
directly addressed. 


Fast arithmetic (e.g., 2.8 m.s. square root or multiplication.) 
Stored data constants and operating programs can be changed during 


operation without stopping the computer. Program can be auto- 
matically modified by external occurrences, or as directed by operator. 


Background data: ISI 609’s complete process Information System was 


developed by Panellit, Inc., leader in information & control systems. 
Computer section was developed by Elliott Automation, Ltd., leading 
British computer manufacturer. 


EEF ORMATION 


7350 North Ridgeway Avenue + Skokie, illinois 


108 CIRCLE 108 ON READER SERVICE CARD 


+ i, 


COMPUTER 
CAN DEC 


Instant change or readout by operator of 
any process data constants or variables, Exclusive direct, 
plain English and decimal system Operator Control Panel. 














Automatic ON-LINE, OFF- 


LINE Time Sharing. 

CONDITIONAL TRANSFER 
Exclusive Memory Lockout per- READY TO SCAN NEXT POINT 
mits Time Sharing during > 
OFF-LINE Operation, with 
Complete Security of the 
ON-LINE Data. 





























WRITE FOR ADVANCE TECHWICAL BULLETIN giving additional details. Panellit Offices or 
Representatives in Principal Cities are available to help you. You are invited to 
test ISI 609 at the Skokie plant and to make your own informed decision. 


SYSTEMS, INC. 


formerly Panascan Div. 


CONTROL ENGINEERING 





How Reliable 


are Relays... 


. is @ recurring question in this day of production dependence on complex 
switching systems. To find out which type or make of relay is most dependable, 
many users exercise groups of relays and keep track of failures. The problem 
is to devise a circuit that tests each relay in an identical manner and 
clearly indicates failed contacts. To get a relay manufacturer's views on 
the subject, author Ledgerwood interviewed Allen-Bradley Co.'s research 
personnel. They pointed to a user-designed test circuit that not only did 
not load all relays uniformly but also obscured failures that occurred at certain 
contacts. Any comparative data obtained with this circuit is useless. This 
article shows the faults in the defective circuit and goes on to describe several 
A-B recommended schemes for checking relay electrical reliability. A future 
article will give hints for improving relay system dependability based on experi- 


mental data gathered by Allen-Bradley. 


BYRON K. LEDGERWOOD 
Control Engineering 


The banks upon banks of relays used in complex 
systems that control all sorts of manufacturing equip- 
ment and processes make relay reliability a critical 
factor for control system designers and users. So criti- 
cal, in fact, that many users set up relay evaluation 
programs to determine which types and brands of 
relays are most reliable for their particular applica- 
tion. Two points are important: 1) what is meant 
by relay reliability, and 2) what kinds of circuits 
can be devised that can check the relative reliability 
of different commercially available relays. 

Relays can fail electrically or mechanically. An 
electrical failure is one in which a contact fails to 
make, break, or provide continuity; coil faults are 
considered to be mechanical failures. Mechanical 
failures are usually at least semipermanent in nature 
—either part of a relay or a whole relay must be re- 
placed, but they are usually fairly easy to locate. In 
addition, the expected mechanical life of modern 
industrial control relays is up in the millions of 
cycles, so that mechanical reliability is often not the 
major problem. But electrical failures are something 
else again; a particle of dirt may prevent a contact 
from making at any given operation, but if tried 
again, the contact may clear and work perfectly. 
From the viewpoint of the user, however, the result 
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of either type of failure may be the same: the cost of 
finding and repairing the failure may be small com- 
pared to the cost of the shutdown. The problem, 
then, is to determine how to test for the relative elec- 
trical reliability of different relays, how to find out 
how many times they fail to operate properly in a 
given number of cycles. 

For a fair comparison two conditions must be met: 
1) the contacts on the various relays must be sub- 
jected to similar loads, and 2) the test circuit must 
stop on a failure in a manner that will permit the 
faulty contact to be located. A contact may make or 
break a circuit or operate dry (carries current but 
does not make or break a circuit—an interlock, for 
example). Dry circuit operation is much more dif- 
ficult for a contact, since the making or breaking 
process offers a better chance of burning away con- 
tamination on the contact surfaces. For this reason, 
corresponding contacts should be used for corre- 
sponding applications on the relays being tested. 

Relay test circuits are either of the chain or parallel 
variety. In a chain circuit the relays operate continu- 
ally in sequence, some combination of contacts ener- 
gizing successive relays, until a failure occurs. In a 
parallel circuit all of the relays under test are ener- 
gized and deenergized together, continuing until a 
failure stops operation. Each technique has its advan- 
tages and limitations. The following describes two 
chain circuits and two parallel circuits. Only one of 
the chains is recommended; the other is shown as 
an example of a circuit that yields useless data. 





9CR 2CR 


a= 
ICR : 


OPERATING SEQUENCE 


1. 1CR picks up through a NC contact on 9CR ond two NC con- 
tacts on 2CR; also, one of 1CR’s NO contacts parallels the NC 
contacts of 2CR, and ICR is held in over its own contacts 

. An additional NO contact on 1CR makes the circuit to coil of 
2CR through two NC contacts of 3CR; also, when 2CR picks 
up, it locks in through two of its NO contacts which, in series, 
parallel the NC 3CR contacts 

. In a similar manner 3CR picks up through an additional NO 
contact on 2CR and closes through two NO contacts on ICR, 
two NC contacts on 4CR, and two NC contacts on 5CR; also, 
when 3CR closes, these contacts, except NO 2CR, are paralleled 
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by a NO contact on 3CR 


. The remaining relays operate successively until 9CR is reached 


at which time the chain repeats 


1. Defective chain circuit 

A properly designed chain circuit has the advantage 
that the position of the various relays when it stops 
gives a clear indication of where to look for the faulty 
contact, This is not true of the parallel circuits where a 
voltmeter is needed to find the trouble. 

The chain circuit of Figure 1 was employed by a 
large user of industrial control relays to test for electrical 
reliability. But it is entirely unsatisfactory for this job, 
since corresponding contacts of the different relays are 
not loaded similarly, and the failure of certain contacts 
can set up smaller chains operating within the larger 
chain rather than stopping the sequence. 

In all of the steps described in the operating sequence 
accompanying Figure 1, the circuit is actually made by a 
NO contact on the preceding relay. Also, this same con- 
tact generally epens the circuit to the relay. Thus this 
contact makes and breaks relay coil current, tending to 
keep itself clean. However, those contacts in series with 
this NO contact neither make nor break the circuit, nor 
for that matter do the paralleling or lock-in NO con- 
tacts of the relay being actuated. These are dry circuit 
contacts and so are being tested differently than those 
that make and break the relay coil circuit. 

This circuit has additional faults as well. For exam- 


2. Recommended chain circuit 


A fundamental unit of a chain circuit that gets 
around the faults of the previous circuit is shown in 
Figure 2. This unit can be used to form a chain for 
any even number of relays from eight up by picking the 
total number of relays n and developing the units as p 
ranges from one to n. The colored figures on Figure 2 
give the contact identification for p equal to nine in a 
chain where n equals 12. This can be compared with 
the complete 12-relay chain circuit shown in Figure 3. 
The nomenclature used in this circuit is somewhat un- 
usual. For example, the NC contact of relay 6 in the 
circuit of relay 1 is called 6NCc, differentiating it from 
contact 6NCb in the circuit of relay 2. 

The circuit is designed so that the failure of any con- 
tact will stop the chain and the faulty contact be indi- 
cated by the position of the relays. In addition, each 
relay is subjected to identical loading conditions. In 
every case NOa and NCb are dry, NCc breaks coil 
sealed current, and NOd makes coil inrush current. 


5CR 














ple, if the NO contact of 3CR, which parallels the 
series combination of NO 1CR’s and NC 4CR’s and 
5CR’s in the 3CR circuit, fails to make, then the instant 
4CR picks up, 3CR will drop out and open its NO 
contacts. In turn, +CR will drop out when the NO on 
3CR opens, and 3CR will pick up again when the NC 
on 4CR closes. This chattering of 3CR and 4CR will 
continue until the NO 3CR contact makes securely or 
something else happens. Similar troubles can occur if 
one of the 2CR NO contacts in the holding circuit of 
2CR fails to make. 

If one of these “short chain” operations happens to 
be seen, the failure might be detected; otherwise the 
circuit will give no indication of a malfunction. 

Of the dry circuits only the two NO 1CR’s (in 3CR 
circuit) and the single NO’s of 2CR (in 4CR circuit) 
and 3CR (in 9CR circuit) will stop the chain by not 
making. On the other hand, all the NC’s can similarly 
stop it, and relays 4CR and 5CR reaily have no dry 
NO contacts while each has two dry NC’s. It is not 
hard to see, for example, why most failures of 5CR 
are due to NC contacts. As discussed, the dry NO con- 
tacts in the holding circuits of 1CR, 2CR, and 3CR can 
only cause chatter and cannot stop the chain. 

















where n= total number of relays in chain 
p= relay number 
Designation adjacent to contact refers 
to relay number on which contact appears. 


FIG. 2 FUNDAMENTAL CHAIN CIRCUIT UNIT 
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OPERATING SEQUENCE 


. Assume initially that relays 1, 2, 3, 4, 
5, 6, and 7 are deenergized and relays 
8, 9, 10, 11, and 12 are energized 

. 1 picks up through 12NOd, 5NCb, and 
9NOa and holds in through 6NCc and 
1NOa (this is the condition indicated by 
colored and black leads) 

. 1 then picks up 2 through 1NOd, 6NCb, 
and 10NOq and drops out 8 by opening 
INCc; 8 cannot stay in because 7NOd 
is open; INCb cannot drop out 9 be- 
cause 2NCc and 9NOa are closed 

. The dropping out of 8 has no effect on 
any other relay; 8NOa, opening, holds 
8 open but cannot drop out 12 through 
11NOd and 4NCb because 12 is held in 
through 5NCc and 12NOq; 8NCb, clos- 
ing, cannot pick up 4 because 3NOd is 
open; 8NCc, closing, cannot pick up 3 
because both 6NOd and 3NOa are open; : ae 
8NOd, opening, cannot drop out 9 be- Dead leads in black 
cause 2NCc and 9NOa are closed 

. Similarly, 2 picks up 3 and drops out 
9 and so on 






































































































































Live leads in coior 


3. Recommended dry circuit parallel test 


Operating the relays under test in a parallel manner 
has certain advantages. Since all of the relays operate 
at the same time, there is no chance of vibration caused 
by one relay influencing a contact on another relay. 
In addition, contact current is independent of coil cur- 
rent so that the contacts can be checked under any 
desired condition. It also appears simpler to mount 

_ the relays in one horizontal line when they are tested 
in parallel, removing any effect of mounting one relay 
over another. 

The circuit of Figure 4 can be used for dry circuit 
testing any number of relays. None of the test relay 
(TR) contacts make or break a circuit. If one of the 
contacts fails to make, the automatic sequencing will 
stop. A voltmeter is needed to locate the faulty contact. 












































OPERATING SEQUENCE 


. Test relay’s NC contacts are checked; C2 picks up through 
NC contact of 5CR and the NC contacts of TR 
. NO contact of C2 picks up 1CR through NC contact of 5CR 
. NO contacts of ICR hold in C2 and pick up 2CR and test 
relays TR 
. TR’s NC open dry and TR’s NO close but do not make cir- 
cuit through C1; NO contact on 2CR picks up 3CR 
5. NO contact on 3CR picks up 4CR 
. NO contact on 4CR sets up circuit for 5CR; NO on 4CR 
closes checking test relay’s NO contacts; Cl picks up 
through NO contact of 4CR and NO contacts of TR's 
. NO contact on Cl picks up 5CR through NO on 4CR 
. NC contact on 5CR drops out ICR; NO contact on 5CR 
holds in C1 
. NO contacts on ICR drop out C2, 2CR, and TR‘s 
. NO contact on 2CR drops out 3CR; NO contacts on TR’s 
open dry, and NC contacts on TR’s close but do not make 
circuit through C2 
. NO contact on 3CR drops out 4CR 
. NO contact on 4CR drops out 5CR 
- NO contact on 5CR drops out Cl; at this point none of 
the coils are energized, and all relays are either down or 
dropping out 
. NC contact on 5CR sets up circuit for 1CR; NC contact Test relays 
on 5CR closes checking NC’s on TR’s, and cycle repeats 
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4. Recommended make 
and break parallel test 
This is similar in principle to 

the previous parallel circuit ex- 

cept that the relay contacts are 
tested under make and break 
conditions. ‘The relays under test 

break (or make) 220 volts im- 

pressed across their normally =, a 

closed (or normally open) con- 

tacts and the load. Circuit con- a 

tinuity is then checked by si 

impressing 24 volts across the 
contacts under test and the coil of 


relay Cl or C2. If the latter relay or Yee j 
picks up, then the test relay con- TR 3 
6 
































CR 
tacts have made properly. ‘This 
circuit has the same advantages 
as that shown in Figure 4. It will 
stop if any contact fails to make, =G P 
but again a voltmeter is required 
to locate the faulty contact. 
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OPERATING SEQUENCE 


. ICR is energized picking up test relays TR which break 220 volts on 
their NC contacts and make 220 volts on their NO contacts 

. ICR picks up 2CR, and 2CR picks up 3CR; 3CR takes off 220 volts and 
applies 24 volts to test relay NO contacts in series 

. If test relay NO contacts have made properly, 24 volts picks up C1 

. Cl picks up 4CR; 4CR drops out 3CR and holds itself in; 3CR takes 24 
volts off TR’s NO contacts and applies 220 volts in parallel 

. 4CR picks up 5CR; 5CR drops out test relays breaking 220 volts on NO 
contacts and making 220 volts on NC contacts 

. 5CR picks up 6CR which takes 220 volts off TR’s NC contacts and applies 
24 volts in series 

. If test relay NC contacts have made properly, 24 volts picks up C2 

. C2 picks up 7CR which holds itself in and drops out 6CR; 6CR takes 24 
volts off TR’s NC contacts and applies 220 volts in parallel 

. 7CR drops out 1CR; 1CR drops out 2CR; 2CR drops out 4CR; 4CR drops out 
5CR; 5CR drops out 7CR; 7CR picks up 1CR 

. Cycle begins again 
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a comparison of 
Integral and Incremental 


Digital Computers for 
process control applications 


THE GIST: The suitability of a digital computer for a particular 
control application depends on such factors as computation 
speed, logical and mathematical capabilities, input-output re- 
quirements, and reliability and maintainability. Integral and 
incremental computers each have inherent and distinctive design 
and operational features; these play a significant role in the 
evaluation of computer suitability. 


EDWARD L. BRAUN, Genesys Corp. 


One criterion for classifying digital computers is 
by the nature of information transmissions on their 
internal communication lines. Using this criterion, 
general purpose (GP) computers are classified as 
integral transfer machines and digital differential 
analyzers (DDA) as incremental transfer machines. 
Each type may have a variable or fixed program 
depending on its application: general or particular. 


Integral computers 


The integral transfer computer solves problems 
by procedures similar to those used by a person op- 
erating a desk calculator. The digital computer, 
however, performs all computing and data transfer 
operations at high speed and stores and executes a 
complete program without interruption. 

A simplified information flow diagram for an in- 
tegral computer is shown in Figure 1. Initial values, 
measured variables, constants, and a detailed program 
are entered in the main storage unit. The main 
store usually has a capacity of thousands of words, 
each word consisting of about 20 to 40 binary digits. 
Single items of data are taken from this store, op- 
erated on individually, or combined mathematically 
or logically with another item of data taken from the 
arithmetic unit; and the result is either left in the 
arithmetic unit for further processing, returned to the 
store, or transferred to some piece of output equip- 
ment. The control unit establishes transmission 
paths between the store, arithmetic unit, in- 
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put-output equipment, and its own sequence control. 

To facilitate programming, the machine executes 
a variety of arithmetic, logical, and data transfer in- 
structions. The codes for instructions are inter- 
preted and cause the generation of specific opera- 
tions required in the execution of each instruction 
by means of the decoding and encoding function 
tables. Instructions and operands are taken from 
the main store in accordance with the contents of 
the instruction address counter and the operand ad- 
dress register, respectively. 

Two aspects of integral transfer operation add to 
the time required to execute a program. The first 
is that in operating on continuous variables, the 
arithmetic unit performs a considerable amount of 
redundant computing: it does not utilize the result 
of the same type of operation on the preceding value 
of the variable. The second aspect is that when 
using a dynamic type of main store (such as drum 
or disc memories), appreciable time is consumed in 
waiting for access to specific storage locations. 

To perform the operation of multiplication in an 
integral computer (for example, to form AB) A and 
B must each be selected from the main store and di- 
rected to the proper register (A) in the arithmetic 
unit, a complete multiplication performed, and the 
result transferred back to some location in the main 
store. Thus considerable transfer of data occurs with- 
in the integral computer, compared with the sim- 
plicity of multiplication in the incremental computer. 


Incremental computers 
The incremental computer performs its basic op- 
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FIG. 2 

In an incremental computer, in- 
tegration is performed by serial 
summation. The change in Y, 
AY, is added to the contents of 
the Y register. Under influence 
of the AX pulse, the Y register 
contents are added to the R 
register. The R_ register over 
flow, AZ, when summed, approx 
imates the integral. 


eration, serial summation, in such a manner that it 
approximates the process of integration, Figure 2A, 
to any desired degree of precision within the ma- 
chine’s capacity. Here: 
Sydt = TYAX 
The basic integrator, Figure 2B, consists of two reg- 
isters, Rand Y. The contents of the Y register—the 
initial value Yo plus the summation of the AY input 
pulses—are added to or subtracted from the R reg- 
ister under control of the AX pulse. The output of 
the R register is its overflow AZ, and the integral is 
then the summation of the AZ pulses: 
TAZ = TYAX = Sydx 


The incremental computer contains digital capac- 
ity to form many such operational integrators, Figure 
3. The solution of any problem involving con- 
tinuous variables is accomplished by specifying an 
interconnection of integrators which simulates the 
interrelations of variables in the equations being 


solved. (All other operations like multiplication, 
division, function generation, and differentiation re- 
quired in the course of solution are derived by causing 
specified combinations of variables to enter opera- 
tional units as in analog computers. ) 

In keeping with a serial mode of operation, each 


FIG. 1. 

Information flow in a single 
address integral (general pur- 
pose) computer. 


Control unit 


integrator functions in turn and then idles while 
another integrator functions. Even if the Y and R 
registers are formed from active elements (flip-flops 
or binary counters), during any computation period 
the states of all integrator elements would remain 
unchanged, with the exception of the integrator cur- 
rently being operated upon. ‘This fact, plus the 
availability of an economical passive storage system 
like a magnetic drum or disc memory, leads to an 
important advantage: passive storage cells may be 
substituted for the active storage elements without 
any degradation of performance. Accordingly, indi- 
vidual integrators are formed from pairs of words, 
the Y and R registers, stored in two long delay lines 
on a magnetic surface. The rules for operating on 
these registers are stored in relatively simple control 
logic circuits. In Figure 3, as the magnetic surface 
rotates, successive bits of each integrator appear at 
the read heads, are operated on according to the rules 
built into the control circuitry, and the results are 
returned to the magnetic store. 

In a DDA the central store, the dz store, holds 
the up-to-date outputs of all operational units. Its 
capacity is determined by the number of operational 
units in the machine and the number of bits re- 
quired to represent the incremental outputs of these 
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units. Usually the size of the dz store is less than a 
few hundred bits. 

In large measure, economies are effected in the 
DDA by the establishment of a simple, ordered ar- 
rangement of data and a relationship throughout the 
machine between each item in storage and the times 
within a major or minor cycle that the item is acces- 
sible to one or more read heads. There is zero access 
time to the dz store for the recording of each opera- 
tional unit’s output because outputs are always re- 
corded at a specified time near the end of the active 
period of each unit. Since these times are fixed and 
predeterminable, a correspondence can be estab- 
lished between them and specified positions in the 
central store. 

The times at which specific items in the dz store 
will be accessible to fixed read heads is ascertainable 
from the knowledge of when these items were re- 
corded and the store’s delay characteristics. In prac- 
tice, one or more dz read heads are so placed that all 
specified inputs to an operational unit can be read 
during the active period of the preceding unit. There- 
fore when an integrator’s active period begins, all 
information required from the dz store has already 
been selected and made available to the integrator. 
Thus there is zero access time for reading data from 
the dz store. r 

The control logic for selecting items from the 
central dz store is also simple. The inputs to each 
integrator consist (except for inputs from external 
sources) simply of the outputs of certain specified 
integrators within the machine. Any one of these 
outputs, stored in the dz central file, can serve as 
the dx input to an integrator and one or more of 
them constitute the Sdy input. To determime the 
value of dx for any given integrator, then, it is only 
necessary to read: the appropriate cell in the dz 
central store; to determine dy, it is only necessary to 
read the dz central store and sum all dz’s that, in 
total, constitute the Sdy itiput to the integrator. 





FIG. 3. 
Information flow in 
an incremental 


(DDA) computer 





If the machine contains a small number of inte- 
grators (less than the number of bits per integrator), 
the entire contents of the dz store can be read from 
a single read head during the integrator’s active 
period. For many integrators the entire contents 
of the dz store can still be read during a period cor- 
responding to the length of a single integrator by 
using a number of heads suitably placed along the 
dz line. In either case, specific items in the store 
can be selected by the detection of coincidence be- 
tween marker pulses in one or more address channels 
and the binary contents of each dz storage cell. 

Decoding markers serve two important functions. 
First, they specify which integrator input and output 
“lines” are to be interconnected. In this way they 
are equivalent to the physical wiring and plugboard 
arrangement interconnecting integrators in an analog 
computer. Second, in conjunction with simple de- 
coding circuitry, they cause the value of items in 
the central dz store to be sensed and selected. 

A unique feature of the DDA is that the result of 
a previous computation is always stored, and only 
incremental adjustments to the result are generated 
during succeeding computation periods. This mode 
of operation reduces the complexity of information 
transfer operations, for only increments rather than 
whole numbers have to be transferred internally and, 
as pointed out, these relatively simple transfers are 
done in a fixed, systematic manner. 

As an example, consider the operation of multi- 
plying changing values of A and B. This can be 
represented by: 

(A + 4A)(B + AB) = AB + (A AB + BAA + SA AB) 
So the incremental computer merely must form 
A(AB) = (A AB + B AA + AA AB) and add it to 
the previously computed product AB. .If a trape 
zoidal integration scheme is employed, only : one 
integrator is required to form each of the following 
two terms: 

(A + 4A/2)AB and (B + 4B/2)AA 


Dynamic magnetic store 


Timing 
Address codes 
Old Y 





JANUARY 1960 





The sum of these terms is: A AB + B AA + AA AB 
A(AB). Thus the product is formed by a simple 


addition process in two integrators and the summa- 
tion of the outputs of these integrators. 


CRITERIA FOR CONTROL APPLICATIONS 


The design and operation of integral and incre- 
mental computers determine how well they meet 
certain criteria for control applications. Among the 
important considerations are computer speed, logical 
and mathematical capabilities, input-output require- 
ments, reliability, and maintainability. 


Computer speed 


The speed of a digital computer for control appli- 
cations can itself be measured in terms of two 
important criteria: computation frequency and slew- 
ing time. 

¢Computation frequency—is the reciprocal of the 
time required for a single iteration of a computa- 
tional program. It determines the maximum fre- 
quency component and bandwidth of input data to 
which the computer can respond. This bandwidth 
is, in practice, approximately one-eighth to one- 
fourth the computation frequency. 

It is difficult to make a general comparison of the 
computation frequency capabilities of integral and 
incremental transfer computers. Even for two spe- 
cific machines the comparison is affected by the 
particular mathematical formulation and program 
employed for problem solution. To provide a guide- 


post, however, the table lists some representative 
figures for the time required to carry out certain 
basic arithmetic operations in incremental and in- 


tegral transfer machines. It is assumed that both 
machines use a magnetic drum or disc memory as 
the main store. The value of n in the table is usually 
between 15 and 20 word times. The access time, 
with minimum-access programming, is usually be- 
tween 5 and 10 word times. Programs for generat- 
ing the sine or cosine may require about 20 to 30 
simple operations like addition and internal trans- 
fers of data and about six multiplications. 

The table indicates that for computations on con- 
tinuous variables, incremental computations are about 
an order of magnitude faster than integral computa- 
tions. This feature is important in a control system 
where time delays introduced by the computer can 
lead to system instability. The computation fre- 
quency of the incremental machine would be about 
100 to 200 iterations per sec—satisfactory in control 
systems with bandwidths of 0 to 25 or 50 cps. The 
integral machine would have a computation fre- 
quency of about 10 to 20 iterations per sec—satisfac- 
tory in systems with bandwidths of 0 to 2.5 or 5 cps. 

¢Slewing time—is the time required for a com- 
puter to progress from one state to a new state as 
demanded by a sudden, large change in the value 
of one or more inputs. To generate a problem 
solution corresponding to the new sets of values 


of the input variables, without introducing a large 
time lag, the computer must be able to generate 
large changes in a variable during each iteration 
period. 

An integral machine requires only one computa- 
tion period for the effects of a change (no matter 
how great, provided it is within the capacity of the 
machine) to be recognized. Here slewing time is 
not related to accuracy, although the number of 
computation periods required for a problem solution 
does depend to some extent on the accuracy required 
and the nature of the problem. 

In an incremental machine the slewing time de- 
pends on the number of increments to be generated. 
The number of increments depends, in turn, on the 
magnitude of the change and the scale factor of 
the variable. In a single-increment computer the 
number of computation periods increases in inverse 
proportion to the allowable error or precision, be- 
cause allowable error determines the scale of the 
independent variable. Therefore, one can obtain 
adequate precision at the cost of a relatively large 
number of computation periods for the solution of 
a given problem. Generally speaking then, as far 
as slewing time is concerned, an integral transfer 
machine is superior to an incremental machine. 

Certain modifications can be made in incremental 
machines to reduce slewing time. In early DDA’s 
no more than a single increment could be generated 
by an operational unit during each computation 
period. Accordingly, for control applications the 
computation period was chosen sufficiently small so 
that under normal dynamic operation the input 
variables of the controlled device would not change 
by more than a single increment during this time. 
That is, the fixed slewing rate was made roughly 
equal to the normal rate of change of the variables. 

Situations can arise, however, where the values 
of one or more variables change abruptly. In this 
case a slow slewing time introduces a lag and a seri- 
ous dynamic error. The slewing rate limitation, 
serious only in relatively high speed control appli- 
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cations, can be alleviated by increasing the increment 
size, i.e., reducing the scale factor whenever a large 
slewing rate becomes necessary. One way of doing 
this is to provide a register which accumulates the 
difference between the value of a variable stored 
within the machine from a preceding measurement 
and the new value entering the machine. When this 
difference exceeds a predetermined amount, a signal 
can automatically be generated causing the entire 
machine to operate at a reduced scale factor (with 
larger increments) until the difference in the register 
drops below the predetermined level and returns the 
machine to the normal increment rate. 

Instead of a single, fixed increment rate, one can 
incorporate a number of slewing rates, each brought 
into play when the difference between the actual 
and desired values. is within each of certain prede- 
termined ranges. The effect of having several slew- 
ing increments is shown in Figure 4. Graph A 
shows the response of the integral transfer computer 
which requires only one computation period for 
slewing time. Graph D shows the response for a 
fixed increment computer which takes 25 computa- 
tion periods to change the required 25 increments 
of the input variable. Graph C shows the response 
for an incremental computer having a normal fixed 
increment and a slewing increment equal to 16 
times the normal increment. In this case the re- 
sponse time is reduced to 10 computation periods. 
Graph B shows the response time when two slewing 
increments, one 16 times and the other four times 
the normal fixed increment, are made available. In 
this latter case the response time is only four com- 
putation periods, a significant reduction in slewing 
time, but of course at the added expense of equip- 
ment to produce the variable slewing rates. 

The problem of generating a number of incre- 
ments corresponding to a change in a variable within 
a minimum number of computation periods by accu- 
mulating different standard sized increments is 
analogous to the problem of determining the un- 
known weight of an object with a minimum number 
of trials. The unknown value is most rapidly deter- 
mined if each member of the standard set of weights 
is a member of a geometric progression with a com- 
mon ratio of two. The value of the largest incre- 
ment should be at least one-half the minimum 
anticipated unknown, and the value of the smallest 
depends on the desired measurement precision. 

The variable increment slewing operation is con- 
trolled as follows: each input to the machine is 
compared with the corresponding input received 
during the preceding period. The largest increment 
size less than this difference is then selected and 
added to the input from the preceding period, and 
the new value is stored for use in the succeeding 
period. Simultaneously the computation is updated 
by an amount corresponding to the chosen incre- 
ment. The procedure is repeated until the output 
is an exact solution of the problem. 
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FIG, 4. 

Response times of different computer mechanizations. 
Using variable slewing increments in the incremental 
computer, graphs B and C, decreases the slewing time. 


Logical and mathematical capabilities 


The relative merits of integral and incremental 
transfer machines differ for three different types of 
information processing procedures: computations on 
continuous variables, decision making, and data 
processing. 

*Computation on continuous variables—The in- 
cremental machine can perform numerical integra- 
tion as well as algebraic and trigonometric operations 
on continuous quantities in less time and with less 
equipment than a comparable integral transfer ma- 
chine. This capability, based on the fact that in 
any given period it utilizes information generated 
in the preceding period, can be capitalized on in 
control systems where the quantities are continu- 
ously variable and limited in excursion and rate. 

¢ Decision making—If a computer is to schedule 
different computations to provide overall supervi- 
sory control, it must be able to make timely deci- 
sions based on logical considerations and to call 
for different individual computations as required. 
An integral transfer machine can initiate a new 
computation after only one computation period, thus 
introducing no significant time delay. The incre- 
mental machine, on the other hand, may require 
a large number of periods. Thus, though the incre- 
mental machine has no intrinsic difficulty in making 
a decision, it may introduce significant lag in imple- 
menting the decision. If it does not have the capa- 
bility to initiate a new computation on demand, then 
one obvious but uneconomical procedure would be 
to simultaneously compute all functions that may 
be required and implement a decision by switching 
to the functions required. In closed-loop systems, 
anticipatory circuits which make both the functions 
and their time derivatives available to provide both 
error and error rate control may be used to speed 
decision making of incremental computers. 

*Data processing—The integral transfer machine 
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may be used for a variety of general data processing 
applications, including sorting and collating of digi- 
tal data and the processing of noisy data of low cor- 
relation. ‘The incremental computer is not well 
suited for these applications nor for problems of 
logical analysis, because such applications usually 
involve large changes in the contents of registers in 
each computation period. 


Input-output requirements 


Data can be entered into a digital computer in 
three different forms: 

1. Binary weighted pulses whose sum is propor- 
tional to the whole or integral value of a sampled 
input variable. The binary number may be serial 
in the form of pulse trains in which case each pulse 
is read sequentially or in parallel in which case all 
pulses are read simultaneously (integral measure). 

2. A number of equally weighted pulses propor- 
tional to a change or increment in the input (incre- 
mental measure). 

3. A pulse rate proportional to the value of the 
sampled input. 

Arrangements are possible that allow data in any 
of these forms to be used as an input to either type 
of digital machine. Normally, integral measure 
(form 1) would be used with an integral machine, 
whereas either integral or incremental measure 
(forms 1 or 2) may be used with an incremental 
machine. An incremental data conversion and trans- 


mission system is more economical of equipment 


and more compatible with the basic nature of an 
incremental machine. If binary weighted integral 
input data is used with an incremental computer, 
special registers, termed servo registers, generate 
unitary weighted pulse trains from the integral input 
data. (This is done by subtracting one increment 
at a time from the contents of a servo register until 
it is cleared.) Data in this form can then be used 
as inputs to other operational elements. 

A major consideration in selecting either integral 
or incremental measure is the effect of a permanent 
offset caused by losing an increment as a result of 
some svstem malfunction. The choice will there- 
fore be influenced by the reliability of the data input- 
output svstem, and whether it is within a broader 
closed loop with zero steadv-state error or within a 
svstem where new absolute references can be inserted 
at specified intervals. 

Variable pulse rate data (form 3) is obtainable, for 
example, from certain types of pressure and flow 
meters. This data can readily be converted. to 
binary weighted representation by accumulating, 
within a counter, the pulses received over some 
specified interval. 

Output signals in the form of integral numbers 
can be obtained from incremental as well as integral 
transfer machines, since storage registers are available 
for accumulating incremental quantities. Output 
signals in the form of incremental quantities mav also 


be obtained from either type of machine since in an 
integral transfer machine, increments may be ob- 
tained by forming the differences between successive 
outputs. 


Reliability and maintainability 

Because large economic losses would be incurred 
by shutdowns of a process control operation, equip- 
ment reliability is of prime importance. Basically 
system reliability depends on good electrical and 
mechanical design. Straightforward and uncompli- 
cated logical design, the availability of test programs, 
and special test facilities all contribute to good main- 
tainability 

¢ Reliability—one measure of reliability of a com- 
puting system is the time interval over which the 
system operates satisfactorily. Two factors affect 
the reliability of a digital computer, namely mal- 
functions and failures. The malfunction is a tem- 
porary disturbance producing an error which may 
or may not propagate through the system. The 
failure results from a permanent change in the 
characteristics of a component such that it no longer 
satisfies the demands of its circuit. 

The incremental machine has fewer failures simply 
because it has fewer components than a comparable 
integral machine. Also it has fewer malfunctions. 
However, malfunction errors may have widespread 
effect because the error may occur in time-shared 
equipment, and because the effect of an error may 
persist for a long time since in the incremental com- 
puter, new computations always utilize old data. 
Some malfunctions may cause only negligible trouble 
as in the cases where only one increment is affected 
or a relatively insignificant variable is altered. 

In the integral computer most malfunctions cause 
only a temporary disturbance because, in general, the 
computations in one period are independent of those 
in the preceding period. It is only where the prob- 
lem being solved needs data retained for more than 
one period that errors are not promptly removed. 

* Maintainability—refers to the ease with which an 
existing fault may be found and corrected. The 
maintainability factor of an incremental machine is 
reduced by some of the logical devices used in its 
design, usually centering about a greater use of time- 
sharing. However, the degree of time-sharing em- 
ploved can always be reduced at the cost of addi- 
tional components. Also, additional equipment can 
be added to the basic incremental machine to pro- 
vide improved error-detecting capabilities. But add- 
ing such equipment then leads to reduced reliability. 
The maintainability of an integral machine is ad- 
versely affected by its large number of components. 
On the other hand, it can provide elaborate checks 
on itself and the control svstem in which it is 
incorporated by the availability and relative ease of 
interpreting step-by-step operation, special program 
control features, as, for example, a break point facil- 
itv and diagnostic and test programs. 
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Liquid rheostat for 
5,000-hp wound-rotor 
motor used on 86-in 
hot strip mill. 


Protecting Liquid Rheostats 


IRVIN J]. GLADNIK 
Allis-Chalmers Mfg. Co. 


THE GIST: The increasing use of the 
wound-rotor motor/liquid rheostat com- 
bination for speed control of pumps and 
fans and for the load regulation of large 
flywheel motor-generator sets has 
placed added emphasis on the protec- 
tive features that may be needed. 
Author Gladnick points out the key vari- 
ables that affect optimum liquid rheostat 
performance and shows how the system 
monitors these variables. The liquid 
rheostat as a control system component 
is briefly reviewed on the next page. 
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The problem of protecting a liquid rheostat divides 
into three parts: 1) making sure that system conditions 
are satisfactory before the motor and rheostat are put 
on the line, 2) shutting down the system if an objection- 
able condition occurs during operating, and 3) notifying 
the operator of system shutdown and of incipient con- 
ditions that might cause future shutdown if allowed to 
continue. Starting and running protection are obtained 
by interlocking with control of the wound-rotor motor 
circuit breaker; an annunciator alerts the operator. 

Figure 1 shows a liquid rheostat for a steel mill drive, 
illustrating the physical location of system components 
and some of the protective features on a typica! unit. ' 
Electrolyte and cooling water flow, together with the 
safety devices associated with these flows, are represented 
in Figure 2. The schematic of Figure 3 gives the simpli- — 
fied control scheme for a liquid rheostat, emphasizing © 
the protective features and defining the symbols. 


Starting protection 


Before the motor circuit breaker can be closed, the 
following conditions must be met as indicated by the 
“Starting” box in Figure 3: 

¢ electrolyte must be flowing in the closed system 

* liquid rheostat movable electrode assembly must be 

in its maximum resistance position 

* temperature of the electrolyte flowing into the liquid 

theostat must not be lower than 70 deg F 
eac and de power supplies must be energized 

* cooling water must be up to pressure. 





Liquid Rheostats as Control Components 


A liquid rheostat controls actuator 
speed by varying the external resistance 
in the rotor winding circuit of a wound- 
rotor motor. This is accomplished by 
simultaneously changing the distance be- 
tween the movable and stationary elec- 
trodes, as well as the level of the electro- 
lyte. The continuous stepless resistance 
characteristic is well suited for speed reg- 
ulation in variable torque applications 
such as drives for induced and forced 
draft fans, centrifugal pumps, blowers, 
and compressors and for the regulation 
of constant current or constant torque 
drives. In addition, liquid rheostats can 
serve in the dual role of motor starters. 

Two interesting applications are in the 
control of drives for blooming and slab- 
bing mills and in the control of motors 
used to start large synchronous machines. 
In the first of these, a liquid rheostat 
controls a flywheel motor-generator set 
driven by a wound-rotor motor. The ob- 


ject is to smooth out the power demands 
of a drive subjected to the high impact 
loads occurring in blooming and slab- 
bing mills. A current transformer in the 
stator of the wound-rotor motor provides 
a signal proportional to load. This signal 
feeds a rotating amplifier exciter or a 
magnetic amplifier that controls the elec- 
trode positioning motor of the rheostat. 

When a high impact load occurs, the 
suddenly increased motor stator current 
acts through the exciter of magnetic am- 
plifier and inserts resistance in the rotor 
winding circuit of the wound-rotor 
motor. This limits input power and 
forces the flywheel of the motor-gener- 
ator set to give up the additional energy 
required to carry through the transient. 
After the peak load is past, the stator 
current and proportional signal decrease, 
ind wound-rotor motor speed increases 
to restore energy to the flywheel. This 
action smooths out the power demand. 


In the second application a liquid 
theostat controls the acceleration and 
speed of a wound-rotor motor used to 
start a large synchronous machine. A 
proportional signal from the stator cur 
rent transformer actuates the electrode 
motor through an amplifier to provide 
constant torque acceleration of the drive. 
When the synchronous machine ap- 
proaches synchronous speed, liquid rheo- 
stat control is transferred ‘to a synchro 
operator which then positions the elec- 
trodes by means of electrical impulses. 
When synchronous speed is reached, the 
synchro operator connects the machine 
to the line. 

Liquid rheostat control has been ap- 
plied to wound-rotor motors ranging in 
size from less than 400 hp to 10,000 hp. 
With the steadily increasing size of elec- 
trical drives, indications are that they 
will be used to control higher horse- 
power units in the futt:re. 





The electrolyte must be flowing to provide the re- 
quired starting resistance. This flow is monitored by a 
differential pressure switch FS, an “a” contact of the 
pump starter P, a flux decay timing relay FS1, and an 
auxiliary relay FS2. The pressure switch measures the 
differential between electrolyte static head and the total 
head consisting of static plus velocity heads. The flux 
decay timing relay prevents a momentary opening of the 
pressure switch contacts, FS, from tripping the motor 
breaker. Flow switch protective scheme deenergizes FS2 
if electrolyte flow falls below 75 percent of rated. 

Since maximum secondary resistance is necessary to 
limit starting current and yet provide sufficient starting 
torque, the motor circuit breaker is prevented from clos- 
ing unless the liquid rheostat is in its maximum resist- 
ance position. When the movable electrode assembly 
is in the maximum down position (maximum resistance 
position—note construction of electrode plates in Fig- 
ure 2), a normally-open contact of limit switch LS1 is 
closed, causing relay LL to pick up and close a contact 
in the motor circuit breaker closing circuit. 

In the simplified schematic of Figure 3, the up relay 
U is energized when the breaker is closed and the down 
relay D when the breaker is open. In the latter case, 
relay D causes the movable electrode motor to lower the 
electrode assembly to the maximum resistance position 
for the next starting cycle. Movable electrode overtravel 
is prevented by lower limit switch LS] and upper limit 
switch LS2, backed up by mechanical stops. 

The temperature of the incoming electrolyte should 
not be less than 70 deg F when the motor circuit breaker 
is closed even under unusual environmental conditions. 
The resistance of the sodium carbonate electrolyte in- 
creases more rapidly as the liquid is cooled below 70 deg 
F, so that excessively low temperatures might increase re 
sistance to the point where the motor would not start in 
the maximum resistance position. To prevent this, an 
immersion heater is installed in the reservoir of outdoor 
installations or where climatic, ambient, or load condi- 
tions dictate its use. 

Here the thermostatic control device has two independ- 


ently adjustable contacts: normally-closed IH1, and 
normally-open IH2. When the temperature is too low, 
normally-closed contact IH] energizes relay IHX to 
operate the electrolyte pump starter and the immer- 
sion heater contactor. When the temperature reaches 
70 deg F, normally-open contact IH2 closes in the mo- 
tor circuit breaker closing circuit and JH1 opens. 

Ac and de control voltages to the system are assured 
by interlocking de voltage relay UV and ac voltage 
relay UV1 into the motor circuit breaker closing circuit. 

To insure that sufficient cooling water is flowing be- 
fore the motor circuit breaker is closed, a heavy duty 
mercury pressure switch CWP is used in the line. 


Running protection 


Once the system is on the line, another somewhat 
overlapping set of operating requirements exist. If the 
ac or de control voltage fails or electrolyte flow drops 
below 75 percent of normal, the circuit breaker is 
tripped by normally-closed contacts of UV and FS2. 
If the temperature of the electrolyte leaving the cells 
exceeds 130 deg F, a high temperature electrolyte sens- 
ing device trips the breaker. This device can be either a 
contact-making thermometer with interposing relay or 
heavy duty mercury temperature-sensing switch located 
in the receiver tank. 


Notifying the operator 


To alert the operator to trouble, the annunciator 
alarm circuit is completed when any one of the follow- 
ing conditions occur: 

*electrolyte flow drops below 75 percent of normal 

(by FS2) 

¢ either ac or dc control voltage fails (by UV) 

electrolyte temperature is high (by ET) 

* level of electrolyte in reservoir is low (by ELL). 

The low level electrolyte sensing system consists of a 
relay, electrode holder, and two electrodes. The relay 
is closed as long as the two electrodes are in the electro- 
lyte. But as soon as the electrolyte falls below the elec- 
trodes, the relay is deenergized. 
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Only the AE Hydramite gives 
you these 4 key benefits 


1. Tapered roller bearings. Two high capacity, heavy duty tapered 
roller bearings support the eccentric cam shaft. This means that a 
Hydramite can take more punishment ... handle heavier unbalanced 
loads ...and last longer. The pump casing is ported so that the 
pumping action of tapered bearings will provide better lubrication. 


3. Positive pumping action. The Hydramite has no cam follower 
springs to fail. Plungers (A) are connected to curved slippers (B) 
which are held against the outer race of cam shaft needle bearing by 
two plunger return rings (C). As the shaft revolves, each plunger is 
pushed outward in succession and then pulled back by the return rings. 


2. Curved slippers riding on the outer race of the cam shaft needle 
bearing minimizes scrubbing action between these parts. They also 
distribute thrust loads of the plungers and reduce unit stresses to 
the point where maintenance will never be required at what is a 
critical wear point in most hydraulic pumps. 


a 
DELIVERY G.P.M. 


HORSEPOWER 
° 


a 


4. High efficiency. With a Hydramite you get an overall efficiency of 
85%. Shown above is typical 10 gpm pump curve. Its flat overall high 
efficiency has little variation between 1,500 and 5,000 psi. What's 
more, with a Hydramite you get positive suction. There is no need 
for supercharging equipment which reduces system efficiency. 


To meet your specific requirements, Hydramite pumps can be 
supplied for constant displacement from 3 to 30 gpm at 5,000 psi 
and 70 to 85 gpm at 3,000 psi for hydraulic fluids with viscosities 
of 150 to 300 ssu at 100° F. In special applications they have 
handled viscosities as low as 40 and as high as 900 ssu at 100° F. 


Special materials and seals permit handling of missile fuels and 


special fluids at higher temperatures. Available in flange, foot or 
face mounted styles. Write or call American Engineering Company, 
Dept. P-148, Philadelphia 37, Pa. Phone: CUmberland 9-3800. 
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AMERICAN ENGINEERING COMPANY 


Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra Grate, Perfect Spread and Taylor Stokers. 
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Analysis 
and Stabilization of 
Sampled Data Systems 


A sampled data system may be represented by 
the simplified block diagram of Figure 1. A fre- oe ; 
quent control problem is that of analyzing the basic GEORGE ]. THALER 
loop for stability and stabilizing the system with a U.S. Naval Postgraduate School 
cascaded filter Ge not isolated by samples. Monterey. Calif. 
Frequency response methods may be applied ; 
successfully for simple single loop systems using 
Nyquist’s criterion to check system stability (for 
more complicated systems, the z-transform methods 
may be better). In the system of Figure 1 
O@c*(s) _ G*(s) a 
Or*(s) 1+ G*(s) 
from which the polar plot of G*(jw) is the obvious 
test for stability. Also in such a system 
G*(jw) = [G(jw) + G(jw — jus) + G(jw + jos) 
+ ee + G(jw - Nj ws) + G(jw + Nj ws)] (2) 
Where 7 = sampling period in seconds 
w, = 2T 


n = 0, 1, 2,°3, ete. FIG. 1. Simple sampled data system. 


FIG. 2. Bode diagram evaluation of G*(jw) for G(jw) = 4/jw(jw + 1), T = 1.0 
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The series in Equation 2 usually converges rapidly 
enough so that only a few tetms are required. The 
terms must then be evaluated, vector additions made 
at each frequency, and the results plotted. The 
problem is to determine how many terms are 
needed, to evaluate each term rapidly and accu- 
rately, and to design compensation where needed. 
The Bode diagram may be used to solve all parts 
of the problem. First the normal Bode diagram is 
drawn, correcting only for the gain multiplier 1/T. 
A simple illustration is shown on Figure 2 for the 
transfer function 
G(jw) = : (3) 


jw(jw + 1) 


with T = 1 for convenience. 
@, ea @,, 


series may be evaluated from this one plot. The term 


The frequencies 


4 

jow(jw + 1) 

can be evaluated directly. The second term 
4 


j(w — ws)[J(w — ws) + 1) 


G( jw) 


G(jw — ju.) = 


4 
—j(w — «)[1 = j(w = w)) 


(4) 


is evaluated by adding a second abscissa scale for 
—(# — ,) as shown on Figure 2. This scale 
shows » = 0 where the original scale places» = 
w,. For convenience the new scale is laid off directly 


in values of w, increasing to the left of the , loca 


2,, etc. are marked. All terms in the 


tion. The magnitudes are read directly from the 
plot with no correction. The angles are also read 
directly, but for the second term the conjugate of 
the angle must be used. In like manner the third 


term is ; 


G(jw + jws) : 
WXJW T Jw J(w + ws)[J(w + w.) + 1) 


which requires an additional scale laid off from the 
w, line, with increasing » to the right as shown on 
igure 2. Magnitudes and angles are read directly 
with no corrections. ‘This procedure may be con- 
tinued for as many terms as necessary. For terms 
of the type G(jo — njw,) the conjugate of the 
angle must be used, but all else is read from the 
Bode diagram without change. 

The number of terms required is determined by 
inspection. On Figure 2 it is apparent that the 
largest magnitude for the third term is —20 db, and 
all higher terms are even more negligible. Thus, 
for this illustration only two terms are needed. 
Similar reasoning applies to any problem. A polar 
plot for the system is shown in Figure 3. 

To compensate the system to M, = 1.5, draw the 
M-circle in Figure 3. Since phase lead compensa- 
tion will not work, the problem reduces to the design 
of a phase lag compensator which attenuates the 
frequencies immediately below w,/2 without permit- 
ting much phase shift in this range. A suitable set 
of asymptotes may then be added to the Bode dia- 
gram as shown in Figure 2. The resulting polar 
plot is shown in Figure 3. 


FIG. 3. 
Polar plot of 
G(jo) and G* (jo) 


as in Figure 2 





UNITS SHOWN ACTUAL SIZE 


These rugged miniaturized instruments 
weigh less than 4 ounces. Nevertheless, each 
Bourns Pressure Transducers unit is built to the same uncompromising 
standards that have won a place in every 
major missile program for Bourns instru- 
ments. At +35G vibration, these compact 


SUBMINIATURE SIZE instruments deliver a high level, low error, 


noise-free signal. Available in absolute or 
gage pressure versions, over a wide pressure 
HIGH RELIABILITY range, the 420 and 720 lines will meet your 
most exacting performance and reliability 
requirements. These units, with a wide 
selection of mountings, pressure fittings and 
electrical connections, illustrate Bourns' 
ability to translate the most stringent require- 
ments into high-performance transducers 
you can depend upon. They prove the state- 
ment—jn pressure transducers... it's Bourns 
for leadership. 
Specifications 


Model 420 Model 720 
Pressure ranges | 0-15 to 0-350 psi/ 0-350 to 0-3500 psi 


Operating : 
temperature —65 to +165°F | —65 to +165°F 


Static error band| 1.0 to 1.3% 1.0 to 1.3% 

Dimensions 1.0" x 1.6” 1.31” x 1.25” 

Weight 4 ounces 4 ounces 
Write for complete technical data 





























Bourns, Inc., Instrument Division 
6135 Magnolia Ave., Riverside, Calif. 
Field Engineering Offices: 

Huntington Station, L.!. and Dallas, Texas 
Pioneers in potentiometer transducers for position, 
pressure and acceleration. Exclusive manufacturers 

of Trimpot®, Trimit®, E-Z-Trimit®. 


JANUARY 1960 CIRCLE 125 ON READER SERVICE CARD 725 





Ge 


FIG. 1. Digitally controlled 140-in. hot plate mill. 


Digital Computer 
Runs Hot Plate Mill 


The new 140-in. four-high slabbing mill in the Lukens works at Coatesville, 
Pa., should interest any control engineer. A transistorized digital computer 
calculates screwdown settings from initial openings, limits, and draft infor- 
mation punched in by the operator. The whole rolling schedule is computer 
programmed, except for the turn-around after the intermediate limit. Preset 
programming wouldn't do for this primarily special order mill. 


CLIFF BURDICK, Lukens Steel Co. 


In the steel industry, plate rolling mills have gener- 
ally been automated by preset programming systems 
using such devices as plugboards and patchcords or 
punched cards to store the sequential roll screwdown 
settings required to roll an ingot to a finished plate or 
slab. Such systems simplify the mill operator’s job 
considerably and offer plenty of flexibility for the usual 
mill where plates are rolled to certain standard sizes, 
whether repetitively for stock or even occasionally. 
But the idea of permanently storing the program for 
producing a specific size of plate makes almost no sense 
for a special order shop like the Lukens hot plate mill. 
Here a piece will infrequently be reproduced. 

The problem at Lukens therefore was how to sim- 
plify the operator’s task on a special order mill and 
thereby improve mill efficiency. The practical answer, 


brought to its finally installed form by General Electric 
Co.’s Industry Control Dept. for the mill shown in Fig- 
ure 1, is a special purpose transistorized digital computer 
that saves the operator from calculating many interme- 
diate roll settings, applies the setting reference signals 
directly to the roll screwdown system, and automatically 
controls all the mill passes necessary to bring a piece to 
two separate thickness limits. 


The process 


A brief description of a typical plate rolling process 
will explain the mill operator’s tasks and how the 
new computer helps to simplify them, see Figure 2. 
Hot ingots of steel direct from the soaking pits are first 
tolled lengthwise to a reduction on the order of 10 per- 
cent or greater of the thickness, then turned crosswise 
and rolled to a final width. This bidirectional rolling is 
done to produce the desired physical and metallurgical 
properties in the finished plate. The piece is started 
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The Rolling Process .. . 


Ke 


Roll screwdown 








FIG. 2. 
initial 


A—Slightly tapered ingot approaches mill rolls for 
pass in plate rolling process. B—Screwdown motors 
must reduce roll opening, and mill must be reversed for 
each subsequent pass. C—At intermediate thickness limit 
determined by desired finished properties the metal is turned 90 
deg on mill tables and rolling resumed as before to final width 
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lengthwise with a very light initial draft to remove 
the taper due to the mold and break whatever scale 
may have formed on its surface. The initial roll set- 
ting thus must be calculated by the operator from the 
known size of the mold. The operator must then 
pass the piece backwards through the reversing mill at 
a somewhat heavier draft determined from experience, 
reverse the mill again for the third pass, and so on 
until he approaches the intermediate thickness limit 
predetermined for desired metallurgical properties. At 
this point he must calculate the exact change in roll 
setting required to produce the intermediate limit. 
The partially rolled piece must then be turned 90 
deg and a similar procedure followed to the final width. 

Thus, the operator of a reversing hot mill has to esti- 
mate successive roll openings. This requires some of 
his time and also distracts him from other important 
factors in the process that ought to be watched. A 
digital computer can make these calculations. The new 
Lukens computer does. It also starts the rolls and mill 
tables automatically in the right direction during each 
screwdown operation by an “almost in position” signal 
from the screwdown position detector. A load cell 
on the rolls senses when the metal leaves the rolls on 
the completion of each pass to stop the rolls and the mill 
tables and start the screwdown to the next draft position. 


The computer and master control 


A block diagram of the new control system shows the 
computer inputs and outputs, Figure 3. With this 
system the operator needs only to punch in 

* initial roll opening, which depends on ingot size, 

*the intermediate thickness limit, at which the 
metal is to be turned, 

¢ the final limit, and 

*the next draft, which is to be taken on all passes 





after the first pass, except when approaching the two 
limits. cs 

The draft selected depends on the composition of 
the metal being rolled and on the properties desired in 
the finished plate. Drafts on this brand new 140-in. 
wide four-high mill greater than 2 in. will not be taken 
automatically unless the operator over-tides a safety 
check circuit by holding down a pushbutton marked 
“Speed Up Anytime”, which also permits mill speed 
to go above base speed any time the mill is running. 

All of the operator’s instructions are entered into the 
control system as data for the computer and are stored 
in transistorized flip-flop registers until required for 
use in the calculations. The contents of these registers 
are continuously displayed by in-line digital readouts 
on the operator’s control panel, Figure 4. 

Operator’s instructions are entered through key- 
boards containing four columns of ten pushbuttons each, 
with the columns left to right representing tens, units, 
tenths, and hundredths of inches. The pushbuttons on 
the keyboards are of the maintained contact type, inter- 
locked so that only one button on any column can be de- 
pressed at one time. Lights in the button heads are 
wired to light only when a button is down in all four 
columns. The next draft keyboard has only three 
columns, and the units column has only the 0, 1, and 
2 buttons wired in. 

Four keyboards are provided—one for each of the 
operator inputs. The initial opening and two limit 
keyboards are the assistant operator's desk, and the 
next draft keyboard is on the right-hand side of the 
main operator's desk. A fifth keyboard is provided (on 
the left side of the main desk) so that the operator can 
at any time change the values set into the computer 
registers by the assistant operator. 

Besides the contents of the operator’s instruction 


FIG. 4. Operator's desk shows computer 








— READOUTS 


























to avoid confusion 








SCREWS 
6y 
OFF 


INCOMPLETE 


RESUME 
ROLLING 


LIMIT 
PRESETTING \ ¢ 
BoaRo . O 


DO NOT 
CHANGE DRAFT 


SPECIAL SCREW 
~S INITIATION 
ON 


NEXT 
PA 


ORAFT 
.. P's 


SPEEDUP vY 
FIN MILL \ 
ANYTIME 


Wwext PASS 








input keyboards, digital readouts, and other 
controls for automatic screwdown system in 
color. All other mill controls are unlabeled 


























registers the computer also displays 





for the operator the draft actually 
taken on each pass as calculated from 
the change in screwdown settings, the 
number of passes since the start of 








the schedule and the length of the 
metal each time it leaves the mill on 
the operator’s end (upper right side 
of operator’s desk, Figure 4). The 
length gage is an infrared scanning 
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device that is not part of the auto- 
matic control system proper and will 
be described in a separate article in a 
future issue. 

Operation of the digital computer 
for automatic screwdown control can 
be understood from Figure 5, in 
which AND gates are represented by 
unfiiled rectangles and associated 
switches that close only when all of 
the inputs to the rectangle are pres- 
ent simultaneously, and OR gates are 
represented by filled-in rectangles 
and associated switches that are closed whenever 
any one or more of the inputs to the rectangle are 
present. The inputs to the gates in Figure 5 are pulse 
outputs numbered in sequential order of a master 
sequencing shift register. 

Automatic operation is started when the operator 
presses the “Screw Reset” button which causes the con- 
tents of the “Initial Opening” register to be placed 
in the “Preset Opening” register, the output of which 
is converted to an analog synchro signal and becomes 
the reference for the roll screwdown servosystem. After 
this intial setting, the computer calculates the new 
desired screw openings for each succeeding pass by sub- 
tracting the next draft from the present opening and 
comparing the result with the limits. 

Sequence shift register pulse S, gates the present 
opening code into the augend register and the next 
draft code into the addend register (actually the nines’ 
complement code is read into the addend register to 
effect subtraction, since binary-coded-decimal code is 
used); S, also presets the adder carry to one. S, causes 
addition by gating five clock pulses to the shift registers 
in the adder and also gates the sum to the first sum 
register. S, causes exactly the same events as S,, and S, 
again causes addition but gates the new sum back into 
the addend register. Thus the new position calculation 
is made twice, successively, with the two results in the 
first sum and addend registers respectively. 

Signal S, now gates the nines’ complement of the first 
sum to the —— register while resetting the adder 
carry to one. S, adds, puts the result in the addend 
register, and interrogates it for zero. If all operations 
to this point have been made correctly, the last sum 
should be zero. If it is not zero, the master sequencing 
shift register is reset to S, and the calculations are 
repeated. If the calculation fails the second time, the 
computer is locked out and a fault indicator is lighted 
on the operator’s right hand desk. 

If the addition due to S, produces zero on either the 
first or second try, S, appears to gate the nines’ comple- 
ment of the first sum into the augend register and the 
director limit into the addend. The addition of these 
two values by S, should produce a carry of one if the 
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FIG. 5. This logic diagram of the digital calculator is used to explain its operation. 


limit opening is larger than new position opening in 
the first sum register. S, and S, repeat the limit check 
caused by S, and S, and compare the carry due to Sy» 
with the carry due to S,. If these two are the same, 
a carry of one (G,) sets the director limit value into the 
present opening register as the new screwdown refer- 
ence, and a carry of zero (C,) sets the value in the first 
sum register into the present opening register. 

The master sequencing shift register is shifted from 
one position to the next by pulses from the computer 
clock (the primary pulse source, with a basic rate of 
15 kcps) or from various points in the calculator. There- 
fore the timing between the pulses from the master 
sequencing shift register varies widely. Specifically, 
S:, Ss, Ss, &, and S, have only to transfer numbers from 
one register to another, and one clock time is sufficient. 
On S,, S,, and S,, the shift must be made after the addi- 
tion is completed—on S, and S,», after the checks are 
satisfied. The entire calculation takes 4 millisec maxi- 
mum if it has to be repeated and only 2 millisec if it 
does not. These times are negligible compared to 
motor current time constants in the screwdown system, 
so the computer should not slow mill operation but 
rather quad it by eliminating operator calculations. 

The automatic screwdown motor and position 
detector are mechanically aranged as shown in Figure 6. 
A three-speed synchro system is used as the roll position 
(opening) detector, with one revolution of the least 
significant synchro S, representing 1 in. Since the 
smallest incremental change in roll position that can 
be ordered by the operator on this mill is 0.01 in., the 
detector is arranged to have an accuracy at its shaft of 
+0.005 in. (The largest opening for the mill is 30 in.) 

The new roll opening calculated by the digital com- 
puter and stored in the present opening register is 
converted to a synchro signal by the standard GE 
numerical position control system described in Refer- 
ence 1. In short, each binary coded decimal digit is 
decoded to energize one of ten separate lines as in 
Figure 7. Magnetic static switches scan to the en- 
ergized lines, at which time the correct taps on 
specially tapped transformers are connected to the 
synchro control transformer stators for each digit 
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FIG. 7. Proper taps on special transformer 
are selected by output of digital computer to 
simulate synchro signals for correct adjustment 
of roll position. Stepping switch shown has 
been replaced by static switching. 
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position. ‘The four digit positions of the present open- 
ing register represent tens, units, tenths, and hun- 
dredths of an inch. The output of the tenths digit 
register represents tenths of a revolution of the S, 
synchro. For the hundredths position, a second tapped 
transformer for the S, synchro is connected to inter- 
polate between the tenths taps of the first. 

If the rotor of any of the three synchros is not at 
the commanded position, an error signal is generated. 
A thyrite varistor mixer-discriminator circuit (Refer- 
ence 2) takes over from here to pass the control suc- 
cessively from the coarse to the finer speed synchros as 
the screwdown approaches the new opening com- 
manded by the computer. 


Construction and maintenance features 


The digital computer and master control equipment 
are entirely transistorized, and wire-wrapped modular 
packages such as those in Figure 8 are used throughout. 
Each of the plug-in packages has grooved sides designed 
to facilitate measurement of its input and output 


FIG. 8. Modular construction of transistorized electronic 
equipment in calculator and master control for 140-in. mill. 


Pn ee 
, bos, 
= 





Stepping 
switch 
solenoid 


FIG. 6. Mechanical arrange- 
ment of motor and position 
feedback synchros in screw- 
down servosystem. 
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signal and power connections while it is plugged in. 
Each of the plug-in connector pins is brought out to 
a test terminal at the bottom end of the nearest groove, 
and the other end of the groove at the top of the 
package is appropriately numbered. To check any 
voltage, a test instrument probe is merely touched to 
the correct pin number at the top of a groove, then 
slid down the groove until it contacts the test terminal. 

As mentioned before, the basic clock pulse rate for 
the digital computer is 15 keps. Because a steel mill is 
a particularly adverse environment for transistorized 
electronic equipment, two other clock rates were pro- 
vided to make maintenance easier. A higher one at 
20 keps was included as an aid in marginal checking 
of the transistor circuitry. High ambient temperatures 
and certain aging effects cause transistor characteristics 
that make high frequency gain deteriorate; thus 
raising the clock rate to 20 kcps as a test should show 
up transistors that may soon fail in service. Reversing 
this line of thinking led to the inclusion of a 10 keps 
clock that would permit continued operation of the 
system in the event of sudden marginal-type failures 
that would prevent successful operation at the 15 keps 
design rate. Both these ideas have proved invaluable. 

Properly documented performance figures for the 
automatically controlled mill are not yet available. Due 
to the recent steel strike the mill has not been in full 
capacity service long enough to produce sufficient ton- 
nage for this study. The new mill is fully accurate and 
fast enough to produce large finished plates directly. 
But all-in-all the experience gained so far with the new 
mill is not considered sufficient to make an accurate effi- 
ciency comparison with the same type of mill under 
straightforward manual operation. It suffices to say that 
the digital computer has performed satisfactorily during 
its limited operation. 
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The Strange 
New Ball Motor 


Even this late in the history of electric machines, the search for an ideal 
adjustable-speed ac drive persists. The latest discovery is the spherical 
induction motor, which departs radically in form and principle from 
conventional squirrel cage types. Although yet unproven, it provides a 


‘unique base for further studies. 


E. R. LAITHWAITE 
Manchester Univ. (England) 


Controlling the speed of a conventional squirrel 
cage induction motor is a difficult thing to do, involv- 
ing either pole changing techniques or an adjustable- 
frequency power supply. And the frequency ranges 
attainable by such means are at best limited. ‘The 
reasons that the induction motor is so poorly suited 
for adjustable speed operation become obvious with 
a consideration of some basic theories applicable to ac 
machines. 

When polyphase excitation current is applied to the 
stator coils of a squirrel cage induction motor, it estab- 
lishes a magnetic field that rotates around the stator 
at synchronous speed S. The latter is a function of 
line frequency f and the number of stator poles P: 


~ 1 ,. 
S= P (in rpm) 


As it cuts through the bars of the squirrel cage, the 
rotating field sets up currents in the rotor conductors. 
These currents cause a magnetic field that locks in 
with the rotating field and brings the rotor up to near 
synchronous speed. Shaft speed in rpm is given as: 
V1 — 0) 

where s is the slip or speed difference between shaft 
and rotating field. To achieve good operating efficiency, 
the value of s must be a small decimal fraction and 
should not vary appreciably. Thus there are only two 
variables (f and P) that can be used as the basis for 
speed control in squirrel cage motors. 

The above discussion applies to motors having con- 
ventional cylindrical rotors. It now appears possible to 
introduce a new control variable by the adoption of 
an unorthodox type of construction in which rotor and 
stator approach the shapes of concentric spheres. The 
third variable is the angle between the plane of the 
rotating field and the motor shaft. Normally the field 
plane is perpendicular to the shaft. In the spherical 
motor, however, the field angle can be adjusted with 


N =- 
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consequent effects on the magnitude of motor speed. 

Figure 1 illustrates the operating principle of the 
spherical machine. The first sketch shows an ele- 
mentary model of a conventional induction motor, con- 
sisting of flat disc, free to rotate about its axis, and. a 
short, discontinuous block of field coils (ABCD). 
When a polyphase supply is impressed on the stator 
block, it establishes a traveling magnetic field that acts 
perpendicularly to the disc radius. The linear speed 
of the field is: 

V, = 2 pf (in./sec) 
where p is the pole pitch expressed in inches. If the 
stator block dimensions AB and CD are small com- 
pared with the mean distance r of the block from the 
center, the disc accelerates to a rotational speed of 

S = a (rpm) (1) 
So far this is normal induction motor practice. Now 
assume that the axis of the stator block is skewed at 
angle @ from its original position. The speed of the 
traveling field is still V,, but it locks in with the disc 
field at a new effective radius r, which is equal to 
tr cos @. Thus from Equation 1, the new rotational 
speed of the disc becomes: 

60 V, 


= 2zr cos 6 


(rpm) (2) 

Equation 2 holds true even when it is assumed that 
the traveling field acts at the same mean radius r as 
originally. In this case, however, it must also be as- 
sumed that skewing the field block actually increases 
the effective speed of the traveling field. The simple 
model in Figure 2 justifies this statement. Here a 
traveling field, generated by alternate north and south 
poles, traverses groove PO set at angle @ to the field 
motion. A steel ball rolls along the groove starting at 
point P. If the ball moves in synchronism with the 
field, it must traverse the distance PQ in the same 
length of time that the field is covering the shorter 
distance PR. Thus, ball velocity is necessarily higher 
than that of the field. If this analogy is extended to 
an induction motor, it must be inferred that angling 
the field increases motor rotational speed. 
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FIG. 1. Schematic of simple disc motor with short stator block. 
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FIG. 2. Rolling ball analogy shows effect of skewing stator block. 


Movement of the rotor across the angled magnetic 
field resembles in some respects the sailing of a boat 
across the wind. Forward motion is possible only if 
the resistance to the sideways thrust is greater than 
that to the forward thrust component. In the yacht 
the keel offers this opposition. The approach taken 
to achieve similar resistance in the spherical motor can 
be seen in Figure 3A, which resolves rotor velocity 
vector V, along and perpendicular to field velocity 
vector V,. Figures 3B and 3C portray the resulting 
currents induced in the rotor disc. ‘The slip velocity 
in the direction of the traveling field (Figure 3B) pro- 
duces emfs along YY’ proportional to (V, — V, cos @) 
per unit length. Current caused by these emfs exerts 
accelerating forces on the rotor. ‘The cross velocity 
normal to the field direction (Figure 3C) produces 
emfs along XX’ proportion to V, sin@ per unit 
length. Resulting currents exert retarding forces on 
the rotor. 

There is one inherent factor that tends to keep 
motoring torque high while minimizing side thrust. 
This is the greater length of path (YY’) over which 
the accelerating voltages are induced. This makes for 
accelerating currents that are higher than those that 
retard. In addition, the resistance to the retarding 
currents can be increased by making the width of the 
poles large in comparison with the pole pitch. This 
reduces the induced cross velocity currents but has 
little effect on the beneficial currents due to slip 
velocity. 

A favorable pole width/pole pitch ratio is actually 
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FIG. 3. Current and voltage loops established 
by two components of field velocity. 


a prime design requisite for angled field motors. In 
general, however, induction machines operate more eff- 
ciently with larger pole pitches. Thus the angled field 
construction is best suited for high power machines 
where the proper ratio can be met without resorting 
to very small pole pitches. 


Practical requirements 


While the disc-type rotor is quite suitable for dem- 
onstrating theory, practical machines using such rotors 
are out of the question. Unless the dimensions of the 
stator block were extremely small compared with the 
disc radius, various parts of the rotor would travel 
under the stator block at considerably different radial 
speeds. Hence, part of the stator block would act as 
an induction generator while the remainder provided 
motoring action. Poor efficiency and low power output 
would result. And any attempts to improve efficiency 
by reducing the stator block size would conflict with 
the requirements stated above for large pole pitches 
and a high pole-width/pole-pitch ratio. 

Similarly ruled out is the technique of mounting 
the stator to act on the edge of the disc, which is then 
extended in thickness to produce the conventional 
cylindrical rotor. The reason for this is that the cyl- 
indrical stator cannot be mechanically oriented. 

The only apparent practical arrangement is to form 
both rotor and stator as parts of concentric spheres. 
Figure 4 shows the schematic of an early machine with 
a four-block stator, in which it is possible to rotate 
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each block while maintaining a constant rotor/stator 
airgap. Simultaneous rotation of the blocks through a 
mechanical coupling provides speed adjustment. 


Theoretical performance 


In a normal squirrel cage induction machine, a wave 
of magnetic flux traveling around the airgap induces 
emf and current into the rotor bars so long as the rotor 
turns more slowly than the field. Because the ampli- 
tude of the flux wave is uniform everywhere around 
the stator, there are no abrupt transients and it matters 
little whether the stator coils are connected in series 
or parallel. But in an angled field motor, whethex disc 
or spherical, the stator windings do not form a con- 
tinuous belt around the rotor periphery. The stator 
is divided into blocks spaced sufficiently from one 
another to allow them to turn freely. Because of the 
discontinuous construction, conventional induction 
motor theory no longer applies, even though block 
angle @ is zero. As an example of the unique require- 
ments of spherical motors, the stator coils must be 
connected in series, never in parallel, for reasons that 
will now be explained. 

Consider the simplest case, when the rotor is moving 
at exactly the same speed (V,) as the rotating field 
If the stator coils were connected in parallel, there 
would exist a field that was substantially uniform over 
the face of the block. As each tooth of the rotor 
lamination entered the leading edge of the block it 
would experience a rapid flux change (from zero to some 
value), that would induce high voltages and currents 
in the short-circuited rotor bar. These currents, in 
turn, would establish a rotor field that opposed the 
stator field. To overcome this opposition and maintain 
its flux constant, the parallel-connected leading edge 
stator coil would draw an extreme surge from the line. 
Operation with parallel connections, then, would be 
accompanied by unfavorably high transients. 

The series-connected short stator block, on the other 
hand, has the unbalanced flux distribution depicted 
in Figure 5. Again, as each tooth reaches the block, it 
undergoes a rapid rise of flux that establishes a field 
canal and opposite to that of the leading edge stator 
coil. Now. however, the current drawn by this coil 
is limited by the impedance of the other coils in series 
with it and cannot maintain flux at its quiescent value. 
Hence the field at the leading edge of the block is neu 
tralized. At the exit end of the block, the opposite 
effect occurs as the rotor current reverses in an attempt 
to maintain its field. Figure 5 thus shows the crowd. 
ing of flux at this edge. 

The conditions described for the series-connected 
stator lead to a graduated flux distribution that in 
creases from a minimum at the entry side to a maxi- 
mum at the exit end. Despite the fact that the rotor is 
moving at zero slip, then, each tooth meets a steady 
rate of change of flux as it progresses across the block. 
This means that voltages and currents are induced 
even at svnchronous speed, leading to a magnitude 
of no load copper losses that exceeds that of conven- 
tional squirrel cage motors. In addition, other losses 
occur outside the block as the transported magnetic 
energy is dissipated in the rotor copper. 

Motor operation is much more difficult to analyze 
when slip occurs and rotor speed is no longer equal to 


fied speed. Detailed transient theory developed for this 
condition has yielded some unusual results: 

(1) The exit edge losses of a short stator motor pro- 
duce back torques on the rotor that prevent the machine 
from reaching synchronous speed on no load. The 
greater the number of poles n on the block, the more 
nearly the no load speed of the rotor approaches field 
speed. This effect is negligible if n is greater than four. 

(2) The entry edge produces additional losses, the 
magnitude of which varies with slip. These losses are 
zero at slip values of 1/(n + 1), 2/(m + 2), 3/(n + 
3), etc, and are actually negative over certain ranges of 
slip. Exit edge losses are zero at slip values of 2/(n + 
2), 4/(n + 4), etc. The maximum loss due to the entry 
edge transient that occurs at zero slip is always equal to 
the rotor copper loss produced by the magnetizing cur- 
rent. The maximum exit edge loss at zero slip, however, 
depends on the inductance of the rotor bars when they 
are outside the stator block. 

(3) Using a low resistance rotor slows the rate of flux 
buildup. This is a disadvantage in the short stator- 
block motor which, at best, achieves only a low flux 
density, even at the exit edge. Short stator machines 
therefore require fairly high resistance rotors. 

(4) In a short stator machine the effective number of 
poles per stator block is reduced as @ is increased. This 
is due to the limitation in pole width. 

(5) With a slip of 1/(m + 1) a well designed ma- 


chine has zero entry edge loss and only small exit losses. 


























FIG. 4. Schematic of four-block spherical induction motor. 


FIG. 5. Flux distribution in series-connected stator. 





'his value of slip is taken as the design condition for 
full load. 

From a consideration of these points, certain further 
design criteria emerge: 

> The rotor resistance must be matched to the pro- 
posed stator current density to give the rate of rise of 
flux required to best utilize the iron in the machine. 

P For a rotor efficiency greater than 80 percent, n 
must be greater than four. 

> Rotor construction must allow current to flow in 
any direction as demanded by each new position of the 
angled stator field. In effect, therefore, the rotor sur- 


face must be a conducting sheet. 


Motor design 

rhe early application of these design rules to the 
four-block construction resulted only in slow speed, low 
efficiency machines with a 2 to 1 speed range. Figure 6 
shows such a machine with a 14-in. rotor diameter. 
Each stator block subtended 60 deg of rotor periphery, 
which yielded a pole pitch of only 1.8 in. in a four-pole 
block. Efficiencies were low (about 30 percent on 60 
cycle supply) when the block was turned 60 deg to 
double speed, because this action halved the effective 


number of poles. Note that if the block is to be 
effectively four-pole at @ of 60 deg, it must be an eight- 
pole block to begin with. 

To make the performance of angled field motor com- 
parable to that of its conventional counterpart, the 
stator block construction must be altered to subtend 
a larger portion of the rotor periphery than the 60 deg 
mentioned. With a gain in block length, either pole 
pitch or the number of poles per block is increased. 
The two-block construction, Figure 7, used im later 
motors fulfills these requirements because it subtends 
about 140 deg of the rotor periphery. In addition to 
providing higher efficiencies, this design eliminates the 
out-of-balance magnetic pull between rotor and stator 
encountered with the four-block motor. Assuming no 
interaction between blocks, over 80 deg of periphery 
are available to dissipate the carry-over flux set up under 
each block. 

Note that the slots visible in Figure 7 are not parallel 
to the axis of the stator housing, but are “preskewed”. 
The latter technique provides a wider speed variation 
for a given angle of rotation. For example, a stator that 
is preskewed at 45 deg produces the same speed adjust- 
ment over +18 deg of stator rotation as the unskewed 
stator yields for a 0 to 60 deg rotation. 


Motor construction 


Comparison of Adjustable-Speed Drives (14/7 hp. at 750/375 rpm) The rotor for a 


spherical induction 





Machine Type Efficiency, percent Power factor 


Power /weight 
ratio, hp/Ib 


Relative cost, 
percent 


motor is built up 
by stacking together 





High Middle Low High 


Middle Low 


several sizes of con- 


ventional motor lam- 
inations containing 
spaced slots. The 
laminations are 
stacked in small 
groups and then 
separated from each 
other by groups of 
smaller diameter slot- 
less circular stamp- 
TWO TYPES OF MOTOR CONSTRUCTION ings. Conducting 
rings, such as those 
that are connected 
to the conventional 
squirrel cage rotor 
bars, are inserted 
into the slots formed 
between the two 
types of lamina- 
tions. The required 
spherical form _ is 
approximated by a 
stepped arrangement 
of different diameter 
punchings. After as- 
sembly the interior 
of the rotor is cast 
full of aluminum 
and the outer sur- 
face machined to a 
true spherical shape 
on a turning ma- 
chine or lathe. 


Schrage 79 78 67 0.99 0.77 0.65 
Ward Leonard 65 63 60 os pena paeae 
Ac commutator 76 78 77 0.9 0.75 0.65 
Sphericai : 61 68 75 cr 36.6° 64° 
Squirrel cage 14 hp, 500 
rpm (constant speed) 85 0.71 


0.0088 380 
0.008 400 
0.0071 450 
0.0105 


0.018 





* Estimated on basis of prototype. 





FIG. 6. Early four-block spherical induction 


FIG. 7. Sketch shows skewed 
motor. One block can be seen on top. 


slots in two-block stator. 
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The stator of the two-block machine is made without 
any inner surface machining. Differently shaped punch- 
ings cut from the same standard size blanks are stacked 
against a pair of forming rings so that the plane of the 
laminations is at right angles to the rotor motion. 
Wedges align the stampings in the radial plane. Off- 
setting the stampings from each other produces the 
skewed slots. The two blocks are skewed in opposite 
senses to prevent flux carry-over and allow the blocks to 
be rotated as a unit. The assembly is spot welded to 
retaining strips connected to the forming rings. This 
method of stacking the stator — grades the field 
speed to match the rotor surface velocities at different 
radii and thus reduces losses. 


Performance characteristics 


Figure 8 shows the results of a light load test at 
constant 50-cycle current on the two-block machine 
with 45-deg preskew. Figure 9 indicates the torque- 
speed curves at constant voltage for three different 
stator angle settings. Peak power was developed at a 
of 45 deg, at which setting all of the stator surface 
covered active rotor surface. Turning the stator sur 
face off the rotor caused a loss in power; efficiencies 
fell from 73 percent at @ of 45 deg to 60 percent at 
57 deg. 

These tests showed that the machines have maxi- 
mum speed when the rotor and stator blocks are in 
line. Thus if the maximum value of @ is limited to 
the angle of preskew, machine efficiency is not troubled 
by the sharp drop at top speed seen in Figure 9 for the 
45-deg preskew machine. And the machine delivers 
peak output at top speed tending towards a constant 
torque characteristic. 


Advantages and limitations 


The main advantage of the spherical induction motor 
is continuous speed adjustment without the need for 
brushes, commutators, and slip rings. The brushless 
spherical motor is a simple mechanical structure 
requiring no auxiliary equipment whatsoever, in sharp 
contrast to most packaged drives where size, weight, 
and cost of the auxiliaries often exceed those of the 
motor itself. Starting involves only a simple across- 
the-line contactor with the machine in its low speed 
condition. Reliability should be as good as that of 
conventional squirrel cage types. With a small pilot 
motor to rotate the stator, the machine is readily adapta- 
ble to closed loop servo controls. 

The accompanying table shows the relative merits 
of various types of adjustable-speed drives in terms of 
efficiency, power factor, power to weight ratio, and 
relative cost. Even in its prototype form, the spherical 
motor appears to have decided merits, especially as 
far as both cost and power to weight ratio are con- 
cerned. 

The major limitation of spherical motors is that they 
are essentially multipolar. For speed ranges greater than 
1.5 to 1, low-power machines (below 10 hp) have 
unavoidably small pole pitches; consequently, they yield 
low efficiencies and poor power factors. Above 200 hp, 
however, speed ranges of 2 to 1 with 80 percent 
efficiency are readily achieved. At still higher power 
levels, greater speed ranges can be achieved with efh- 
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MOTOR PERFORMANCE 


FIG. 8. Load and efficiency curves for two-block machine 
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FIG. 9, Curves show torque-speed characteristics of 
same motor for three different stator settings 


ciencies comparable to those of fixed-speed machines. 
Because of their relatively higher slip, the rotor copper 
loss of spherical motors is higher than their conven- 
tional counterparts. And due to the multipolar con- 
struction, top speeds are limited to 600 rpm. 

The first 200-hp commercial machine using mechani- 
cal stator shifting is now under construction at Metro- 
politan-Vickers. In addition, there are designs under- 
way wherein the effective angle of the field is changed 
electrically—by nae a portion of the stator power 
through a pair of phase shifting regulators. This 
eliminates the physical movement between the rotor 
and stator, and the motor construction reverts to the 
cylindrical form of the conventional machine. Initial 
experiments indicate that besides simpler construction, 
this new approach will provide running speeds twice 
those of the original spherical motors. 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





THEY TOOK ADVANTAGE 
OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CONTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there's a size for every need up 
to 300VA output. There are Con- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


136 CIRCLE 136 ON READER SERVICE CARD 


THREE LITTLE WORDS=logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 
snap action going from “off” to “on” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thyratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
reactor which drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


. EE eT 
Reliability begins with CONTROL, 
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A DIVISION OF MAGNETICS. Inc 
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Installing 


Pneumatic Signal 
Transmission Systems 


Pneumatic instruments are the most widely used control devices 
in processing plants despite the recent challenge from elec- 
tronic control systems. Properly installed pneumatic signal- 
transmission links therefore remain an important aspect of 
successful operation of many new and modernized plants. 
However, even when a user elects pneumatic instruments for 
his plant, he still has a wide choice of tubing materials, con- 
figurations, and fittings and of supporting, protecting, and 
routing methods. The following information, based on agree- 
ment of instrument engineers from many petroleum companies, 
is a guide for choosing and installing the best pneumatic link. 


AMERICAN 

PETROLEUM INSTITUTE 
Committee on Refinery Equipment 
Subcommittee on Instruments* 


As processing plants grow larger and more com- 
plex, correct installation of measurement and con- 
trol signal transmission systems becomes increasingly 
important. Without reliable signals, personnel safety, 
plant performance, and duration of processing runs 
may be jeopardized during normal and emergency 
operation. Careful design, equipment selection, and 
construction assures satisfactory transmission systems 
at acceptable costs. Consideration must be given to: 

* protecting signal leads to reduce possibility of 
damage by fire or mechanical shock 

¢ excluding hazardous or noxious fluids from con- 
trol rooms 

* installing reliable air supplies 

* providing facilities for manual control, for test- 
ing, and for ready access to instruments. 

Industry practice has been to abide by one of the 
two principal transmission system pressure ranges 
recognized by ISA (Instrument Society of America) 
and SAMA (Scientific Apparatus Makers Associa- 
tion). These are 3-to-15 psig and 3-to-27 psig. Re- 
finers usually arrange, particularly on new installa- 
tions, to supply air at 20 psig for instruments in the 
3-to-15 psig transmitted air range. However, 35 psig 
air pressure is used with springless, diaphragm-type 
operators which stroke single-seated valves, and 50 
or 100 psig air pressure is frequently used for actuat- 
ing piston operators furnished with large valves and 
dampers. To insure operation in emergencies, one 
refiner specifies that large actuators shall develop 
design thrust at 80 percent of nominal supply pres- 


‘ 
‘ 
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sure and be mechanically capable of continued op 
eration without damage at 120 percent nominal. 


What's available in pneumatic tubing 


Pneumatic transmission lines are usually 4-in., or 
tin. OD. The }-in. size is preferred where it mects 
instrument manufacturer’s requirements. ‘Tubing is 
supplied in copper, aluminum, and plastic, either in 
single strands or in bundles. 

Copper tubing—is more widely used than either 
aluminum or plastic tubing. It is supplied annealed 
or half hard. 

Aluminum tubing—is currently becoming more 
common because of price advantage. In locations 
where atmospheric conditions induce sulfur attack, 
aluminum has shown better corrosion resistance than 
copper. However, aluminum tubing has not worked 
well in seacoast locations or in some petrochemical 
plants. Also, aluminum seems to be somewhat less 
resistant to vibration than copper. Care must be 
taken when installing aluminum tubing to provide 
sufficient electrical insulation (usually paint) be 
tween the tubing and other metals to prevent clec- 
trolytic corrosion. Currents caused by arc welding 
in the vicinity of the tubing may leave small pin 
holes. Spray and rebound from Guniting (sprayed 
concrete) has also been found to leave small pits 
in the tubing surface; therefore in areas where con- 
siderable Guniting is expected, some permanent form 
of protection like plastic jacketing is recommended. 

Plastic tubing—is also currently becoming more 





common. Such tubing is light, corrosion resistant, 
and has sufficient resilience to prevent damage on 
occasional freezeup. Plastic tubing is relatively in- 
expensive. Care must be used in selection of fittings 
since there is some tendency for plastic tubing to 
cold flow and develop joint leaks. Furthermore, 
some plastics burn, and most plastics lose strength 
above 200 deg F. ‘The use of plastic tubing in out- 
door processing areas is limited because of possible 
overheating and fire damage unless protected. 

Both compression-bite type and flare-type tubing 
fittings are used, but of late the compression type 
is becoming more popular. Where plastic tubing 
is used because of atmospheric conditions it is good 
practice to apply colored (acrylic) plastic coating 
to the fittings, making coating damage more visible. 
Brass fittings are used with copper tubing, and 
anodized aluminum fittings (anodizing prevents me 
chanical seizure between tube and fitting) are used 
with aluminum tubing. 


Tubing support and protection 


The problem of supporting small lines and pro 
tecting them against mechanical and overheating 
damage is difficult and costly to solve. There is no 
agreement as to the best method of tubing installa- 
tion, and no one method is likely to be always best. 

Rack systems—have the advantages that individual 
tubes can be easily traced, repaired, or replaced, since 
many single tubes are separated on a rack. They 
have the disadvantage of highest installed cost since 
Rack sys- 


they must be assembled by field labor. 


tems provide the least protection against mechanical 
damage to tubes. Some contractors, to reduce engi- 
neering and field costs, prefabricate support bars and 
assemble sections of vertical racks on the ground be 
fore erection. Figure 1 shows several ways of in- 
stalling groups of single tubes on racks. 

Trough systems—support groups of single tubes 
in much the same manner as rack systems, except 
the trough itself is a prefabricated length of per- 
forated metal channel. ‘Trough systems may be pur- 
chased and are often less expensive than rack sys- 
tems from a materials and installation point of view, 
but they require more engineering effort. 

Pipe systems—A number of tubes may be pulled 
through a pipe, resulting in a very well protected 
installation. ‘The pipes are then supported and run 
in a manner similar to normal electrical conduit in- 
stallations. ‘Tubes are connected together in regular 
splicing fittings, junction boxes, or on bulkhead bars, 
depending on the amount of protection needed. 
Pipe should be galvanized inside if aluminum tubing 
is used. The table lists the number of tubes that 
can be loaded into various size pipes. 

Bundled tubing—is offered by several manufac 
turers in a number of materials and with different 
protective coatings. Copper and aluminum tubing 
is sometimes spirally wrapped in layers, one tube in 
each layer being color coded for identification. The 
tube nests are covered with either a plastic-impreg- 
nated cloth-tape wrapping or an extruded plastic 
coating. Bundled tubing can be obtained with inter- 
locking galvanized steel, aluminum, or other metallic 


Suggested Rack Systems For Supporting Single Tube Pneumatic Transmission Lines 
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For one or more lines 
with short spans. Suit- 
able for indoor or out 
door instollotions. 


For many lines. Only one 
bank of lines permitted 
Suitable for indoors and 
Outdoors, including tunnels 


Two-tier raceway with 
lines supported by inter- 
mediate bors. For sheltered 
locations. 
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SUGGESTED TUBE LOADING FOR VARIOUS PIPE SIZES. 


Pipe or duct size, in 
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%-in. OD tubing 4 8 16 




















¥%-in. OD tubing 2 4 8 











armor, giving protection for direct burial. 

Bundled plastic tubing is also available with ex- 
truded plastic sheath or metallic armor sheath at 
relatively low cost. Where fire damage is a con- 
sideration, the tube bundle may be insulated with 
an asbestos jacket over the extruded sheath. Bundled 
plastic tubing covered with plastic protective jacket 
can be used underground and in conduit. 

Field installation of bundled tubing can be simple, 
provided thorough engineering, including selection 
of cable termination points, is done in advance. 
Copper and aluminum tube bundles have high 
tensile strength and may be bent in short radii. In- 
terlocking armor imparts great crushing resistance to 
the bundles. Bundles may be supported in ex- 
panded metal troughs, on steel messenger cable 
similar to telephone cable, or by suspension from 
pipe stanchions. Bundles may also be clamped 
to building walls or structural members with pipe 
clamps or special fasteners. Figure 2 details several 
ways of breaking out and connecting leads in armored 
multipletube bundles. 

Several disadvantages exist with pipe and bundled- 
tube installations. Individual tubes are difficult to 
trace, and therefore their ends must be identified and 
permanently tagged prior to installation. Considera- 
tion must be given to the number of spare tubes to 
be installed initially. In pipe and bundled tube 
systems it is good practice to provide at least 10 
percent spare tubes and spare rack space for about 
25 percent more tubes. Filtered, dry instrument air 
is essential as it is difficult to clear a blocked tube 
in a pipe or bundle. The tubing system must be laid 
out carefully with all requirements stated in advance. 
In particular, the precise length of bundled tubing 
must be known before ordering. 


Locating and routing tubing runs 


Underground runs of pneumatic signal leads may 
often be shorter and better protected against fire 
and mechanical damage than overhead runs. How- 
ever, underground ducts must be protected from 
accidental digging up and crushing by heavy equip- 
ment passing over them. This protection is fre- 
quently accomplished by embedding the ducts in a 
concrete envelope. Where ducts pass under road- 
ways, the road may already provide suitable rein- 
forcement. Parkway-type installations are often pro- 
tected by a separate concrete slab. Underground 
ducts should be avoided where flooding with hydro- 
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Details of breaking out and connecting tubes in pneu- 
matic transmission multiple tube armored bundles. 


maple & aicidenigees 


carbons or corrosive liquids is probable. Special 
attention should be given to location of tubing pull 
points in underground duct systems; otherwise re- 
placing damaged tubes may be difficult and extremely 
costly. When underground routing is expected, the 
instrument program should be firmed up early in the 
project to avoid costly changes or additions. 

Overhead tubing runs, too, must be routed to re- 
duce accidental mechanical abuse and possible dam- 
age to tubing from fire or overheating. They should 
not be located close to hot processing equipment or 
piping. Routing overhead runs along pipe racks 
may simplify support problems. 


* This article is based on a portion of Section 7, Transmission 
Systems, of the API’s forthcoming “Manual of Recom- 
mended Practices for Installing Instruments in Refineries”. 
Publication is planned for early 1960. Copies will be avail 
able from the American Petroleum Institute Order Dept., 111] 
West 50th St., New York 20, N. Y. 
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Honeywell loqgor-seanner 


... accurate within + 0.1% of reading 


... pinboard programming for maximum flexibility 


Here’s a standard, all-purpose 120-point logger- 
scanner system with features formerly found only 
in more expensive, custom-designed equipment . . . 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper- 
ating limits—60 to 120°F—eliminate the need for 
special air conditioning equipment. 


The Series 3120 accepts signals from primary 
measuring instruments— thermocouples, flow, pres- 
sure or other transducers. It measures these sig- 
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer- 
ence oven can be supplied to accommodate three 
types of thermocouple inputs—types T, J, and K— 
which are automatically linearized over their entire 
range to within 0.1% accuracy. 


eer th 
PI ERING THE FUTURE 


YEA BR 


The operator can select either automatically or © 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 


Between logging cycles, the system can scan off- 
normal alarm points—high, low or both—at a rate 
of 7 points per second. Upon detecting an off- 
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. MINNEAPOLIS-HONEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 





TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 


STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con- 
nected by plugs for easy servicing. 
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Key to Machine Tool Compatibility: 


Data Processing for 


Numerical Positioning Systems 


ROBERT A. BENNETT, ‘The Martin Co. (Denver) 


Although the general purpose digital computer is uni- 
versally used for generating oniimaaiall numerical 
control data, it is almost totally overlooked in connec- 
tion with point-to-point systems. For example, only one 
of the 31 numerically controlled positioning systems 
described by Cooney and Ledgerwood (Ref. 1) incorpo- 
rates a computer for determining the optimum sequence 
of drilling or punching holes. The IBM-Fosdick block 
diagram includes. an optional computer for stacking the 
punched cards in the proper order for attaining the 
most efficient combination of tool changes and _ table 
movements for boring a pattern of mixed-size holes. 

Despite this current neglect, there are gains to be 
made by the application of computers to the point-to- 
point positioning problem. The first benefit is the opti 
mization of the work program, which is the primary 
objective in the IBM-Fosdick example. A less obvious 
but much more important advantage is the standardiza 
tion of the input procedure. One computer can be pro- 
grammed to handle many kinds of systems, each of 
which would ordinarily require a special piece of data 
preparation equipment. 


Statement of problem 


In numerical positioning systems the control tape or 
cards contain codes that direct the machine to move 
the work (relatively) under the punch or drill. The 
codes must appear in a sequence that agrees with the 
tool sizes or tool changes. The coded tape or card 
commands also include certain intermittent functions 
such as “clamp”, “punch”, or “drill”. The part defini- 
tion data originates on the design blueprint, progresses 
to a program sheet, and then is transferred to the 
punched tape or cards by manually operated punching 
devices. The mathematics involved in the data prepara- 
tion are simple addition and subtraction. 

While data preparation for a single type of machine 
is reasonably straightforward, the process becomes much 
more complicated where there are several! different ones. 
Progress toward standardization is slow; so at the pres- 
ent state of the art, a group of five machines, each from 
a different tool builder, may involve five distinct types 
of input media, data preparation equipment, numerical 
codes, and formats. 

This situation obviously creates difficulties in the 
training of operating personnel in the various languages 
and methods of operation. Therefore, any company 
already enjoying the benefits of a general purpose digital 
computer and its peripheral data processing equipment 


should definitely consider taking advantage of this 
available capability before acquiring any complete sys- 
tems, whether contouring or positioning. It is possible, 
for example, to develop a computer program capable 
of preparing tapes for any numerically controlled drilling 
machine using an eight-level punched tape. The differ- 
ence in codes required by any particular system is re 
solved within the computer. Suitable tape punches are 
available that can copy the hole/no-hole combinations 
line for line as they appear in the cards coming from 
the computer or off-line punch. It is necessary, however, 
to provide the proper computer output routine so that 
the holes are correctly placed in the cards. The tape 
punching machinery copies the cards as though they 
were laid end to end. 


System description 


The generalized computer program block diagram 
illustrates how the computer is fitted into the position- 
ing application. Numerous output routines are provided 
for preparing data for different systems and for differ- 
ent purposes. The tape preparation process begins with 
writing the hole positions in the prescribed language. 
The input listing is transcribed directly to binary coded 
decimal punched cards, which are verified in the manual 
keypunched operation, Block 2. The card data is trans- 
ferred to magnetic tape for input to the computer by 
means Of off-line equipment, Block 3. Block 4 repre- 
sents the computer, and Block 5 contains the program 
tape or cards. Blocks 6 and 7 represent drums or tapes 
needed in the program for intermediaté storage of in- 
formation for later processing. An output routine gen- 
erates and records on magnetic tape the complete data 
necessary to the operation of a particular machine. 
Off-line equipment transcribes the output tape first to 
punched cards and then to punched tape. The punched 
tape is read by a director, which produces the actual 
machine control tape, Block 11. 

The example described thus far is a complete and 
workable system, typical of many already in use. With 
some language changes and corresponding program 
changes, hole drilling problems can be solved and the 
tape requirements for auxiliary machine control satis- 
fied. Language alterations provide for stating the hole 
drilling problem, including additional intermittent func- 
tions peculiar to the machine. The computer operation 
then follows only those internal routines necessary for 
solving the added problem. In the hole drilling case 
this would surely include a mathematical determination 
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How the general purpose digital computer prepares control data for point-to-point positioning systems. 


of the optimum sequence, which could be biased in favor 
of either fastest possible operation or least wear on the 
machine tool. (High speed drilling of mixed diameters 
causes excessive wear of tool holder turrets.) These new 
output routines permit the computer to generate data 
and print it on magnetic tape, Block 19. Off-line 
equipment transcribes the data to punched cards, Block 
20; other equipment reads the cards and produces the 
machine control punched tape at Block 21. 

The diagram illustrates other output routines that 
serve varied purposes. A printed manuscript containing 
understandable machine program data is printed on 
tape, Block 13, and cathode ray tube photographs 
(Block 18) are provided for checking during the com- 
puter run (Ref. 2). When checking hole drilling or 
punching data, the CRT routine indicates hole sizes and 
locations by printing coded characters such as dots, cir- 
cles, and “X’s” on the tube face or photograph. Blocks 
15, 16, and 17 are included to indicate that additional 
output routines can be provided for other contouring ot 
positioning machining systems. 

Among the advantages of the computer approach to 
programming positioning systems are: 

1. The input or planning language for numerical 
control problem statement can be standardized 
within a company, yet may be used for setting up 
problems for many different machine systems. 

2. The problem statement language has been pre- 
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pared in such a manner that the planner is re- 
quired to do little or no mathematical computation. 
Much diverse data preparation equipment is elim- 
inated. 

Programming personnel need not learn the many 
and varied languages required for the added ma- 
chines. 

. After the problem statement, the only manual 
task in the system is the key punch and verifying 
function. 

. Optimum sequence of operations is provided for 
hole drilling, hole punching, and other positioning 
operations. 

. Data processing problems are restricted to the de- 
partment best equipped to solve them. 

. The overall capability and versatility of the nu- 
merical control svstem are greatly enhanced. 
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One of a Series 


Predetermining Counters 
provide simplified methods 
for Automatic Control 


Veeder-Root Predetermining Counters now make it possible 
to design and build automatic control into equipment of all 
types. They are available for mechanical, electrical and elec- 
tronic control and offer many features and options to give 
your equipment extra value and versatility. 

Predetermining Mechanical Counters can be applied to 
rotary, eccentric or stroke type motion, registering or counting 
whatever units are required — such as revolutions, motions, 
turns, pieces, lengths, and strokes. The newer electric and 
electronic Predetermining Counters use a special high speed 
light source and photo cell for non-contact counting on any 
machine or process. 

Automatic control is provided by the predetermining 
counter actuating such devices as: lights, bells, signals and 
stop motions. They work at speeds up to 8000 counts per 
minute, can be easily incorporated into machine design and 
control panels. Application assistance is available from a 
Veeder-Root Counting Engineer; and specialized designs and 
modifications can be supplied in most cases. For complete in- 
formation, call or write your nearest Veeder-Root office. 


High Speed, Quick Reset Predetermining Counters for electrical and 
mechanical control, at speeds to 8000 cpm. 


This counter has one set of wheels 
which are preset to any figure with- 
in the capacity of the counter by 
depressing the reset lever, raising 
the cover, and turning. The counter 
subtracts from the preset number to 
00000", when a knock-off lever ac- 
tuates an electrical switch. To reset, 
just press the reset lever, and 
counter returns instantly to preset 
figure. For Mechanical Control, 
counter actuates a mechanical lever 
instead of electrical switch. Speeds: 
6000 rpm or 8000 counts per minute. 
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Addition of Magnetic Counter Provides Record of Total Lots. 


A Veeder-Root Magnetic Counter connected in series with the alarm or stop 
motion registers one unit for each of the predetermined lots produced. Pro- 
vides a simple means to obtain both machine control and production control. 


The High Speed Predetermining Counter is the basic counter in this complete 
line. It provides automatic control by this simplified method: . . . to set a run of 
5451 pieces on the counter: (1) Set all white wheels to zero with one turn of 
wing-nut; (2) Now, set the metal wheels, one by one. Set first wheel to “5”, 
opposite zero on its “‘opposite number” white wheel, then set the ‘‘4’’, “5"’ and 
“1” and that’s all . . . you’re ready to throw the switch and start the run. 





Electric Predetermining Counter Ideal for Batching, 
Length Measurement and Materials Handling. 


This new counter offers auto- 
matic reset plus other important 
features: 1. Instant automatic 
reset . . . Countrol contacts op- 
erate and hold for 0.3 seconds 
.. or for 2 seconds . . . or indefi- 
nitely. 2. Counter can be modi- 
fied for automatic sequential 
predetermining, using two or 
more preset numbers. 3. A 
batch or totalizing counter can be added. This counter is adaptable to 
material handling applications, slow speed batch counting, length 
measurement, slitting, and similar applications. Speeds up to 1000 epm. 


High Speed Electronic Predetermining Counters Feature 


Automatic © 4 €PS- The No. 1604 features instan- 


taneous recycling. Up to six 
decade counters, with one, two, 
or more sets of preset numbers 

. with or without photohead 
or enclosure. Output relay pro- 
vides momentary or indefinite 
holding time. Batch totalizing 
available. Ideal for all high speed 
counting, up to 5000 cps, recycle 
at 1000 eps. 











Send for Literature and Technical Data . . . Extensive information and 
specifications on how to use Veeder-Root Predetermining Counters are yours 
for the asking. Send today. 


Veeder-Root 


HARTFORD 2, CONNECTICUT 


"The Name that Counts’ 


New York * Chicago * Los Angeles * San Francisco * Seattle 
St. Lovis * Greenville, S.C. + Altoona, Pa. * Montreal 
Offices and Agents in other principal cities 
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Skewed-Axis Gears 
for Low Backlash 


For high-ratio 


right angle drives... 


this new gearform 
joins 


this old standby 


WILLARD C. MACFARLAND 
Spiroid Div., Illinois Tool Works 


A common way of classifying gearsets is according 
to the spatial relationship of the axes of the indi- 
vidual gears in the set. Thus, there are the following 
broad groups: paraliel axis (spur and helical), crossed 
axis (bevel), and skewed axis (wormgears). Each 
type has its own particular field of application, which 
is determined partially by the reduction ratio re- 
quired, the space available, and the relative positions 
of input and output shafts. ‘The wormgear, for 
example, is especially suited for right angle input- 
output arrangements and high stepdown ratios 
within a minimum of space. 

A new form of skewed axis gearing, Figure 1, 
covers about the same breadth of applications as do 
conventional wormgears, Figure 2, but is radically 
different in form and appearance. This gearing is 
designated as “Spiroid” and consists of a tapered 
pinion or worm and a large gear or wheel. ‘The 
wheel is a face gear resembling spiral bevel or hypoid 
gears. In spite of their visual resemblance to spiral 
bevel gears, however, Spiroid gears are definitely in 
the wormgear family, suited for right angle drives 
of 10:1 and larger ratios. The Spiroid design has 
these advantages when compared with conventional 
wormgears: more liberal mounting tolerances, back- 
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lash control, ease of manufacture, added capacity, 
and shock resistance. 


Backlash control 

The Spiroid pinion has a lead angle (i.e., the angle 
made by the screw thread with a plane perpendicular 
to its axis), pressure angle, and thread form that do 
not vary over its length. ‘These characteristics are 
advantageous in two respects. First, its uniform 
teeth make the pinion easy to manufacture, and 
the gear can be simply cut by means of a hob resem- 
bling the pinion. Second, the spacing between gear 
and pinion is not critical. The teeth will mesh prop- 
erly even if assembly tolerances are not tightly held. 

lhe pinion taper is required to insure proper tooth 
contact over its length and is normally fixed at 5 deg 
on a side or 10 deg included angle. The face gear 
is also beveled slightly. It is the combination of 
bevel and taper that makes Spiroid gearing inherently 
adjustable for control of backlash. As pinion and 
gear are adjusted axially, the tightness of mesh is 
reduced or increased. In Figure 1 for example, the 
effective diameter of the pinion increases as it moves 
axially toward the gear axis. This of course tends 
to take up backlash. Conversely, moving the pinion 
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axially out from the gear increases the “daylight” 
between mating teeth. 

Many systems have been developed to eliminate 
backlash in gear trains. In cases where the number 
of turns are limited, the systems can be loaded in 
torsion with a spring or weight, causing the gears 
to contact one side of the tooth only, Figure 3A. 
For continuous rotation a useful device is the split 
gear assembly, which consists of two identical gears 
on a common axis, Figure 3B. The gears are spring 
loaded so that a tooth of the mating gear is trapped 
between them. A variation of this employs two 
separate gear trains, Figure 3C. All of these systems 
use a spring or weight system strong enough to 
overcome the maximum reverse torque anticipated 
and thus consume a substantial amount of the input 
energy. In addition, the devices add complexity. 
Spiroid gearing, on the other hand, can be loaded 
perpendicularly to the plane of output motion by 
a simple collar and a spring, Figure 3D. 


Efficiency 


In Spiroid sets approximately 10 percent of the 
teeth on the gear are in simultaneous contact with 
corresponding teeth on the pinion. In a wormgear 
set only about two teeth of the gear contact the 
pinion at the same time, and only one tooth of each 
gear is in full contact in a set of spur gears, The 
greater number of contacting teeth is reflected in 
the increased torque transmitting capabilities of 
Spiroid gears as well as in greater resistance to shock 
loads. In addition, this design leads to quicter 
operation and higher accuracies because minor tooth- 
to-tooth fluctuations tend to cancel one another 
when averaged over the greater number of teeth. 
These lines of contact are radial on the pinion 
threads and extend from root to tip on the gear 
teeth, Figure 4. They are generally perpendicular 
to the direction of the sliding motion between gear 
tooth and pinion tooth. The lines move rapidly 
across the useful tooth areas of both pinion and gear 
so that freshly lubricated tooth surfaces are con- 
tinuously being brought into contact. The nature 
of this contact is conducive to a corrective lapping 
process which may be used during manufacture of 
gears with critical backlash tolerances. 

The efficiency of Spiroid gearing varies from over 


FIG. 3. Gear arrangements for low backlash 


90 percent for low ratios to only 20 percent for very 
high ratios. Efficiencies and load carrying ability 
are approximately the same in both directions of 
pinion rotation. Where the gear is called upon to 
drive (overrun) the pinion, efficiency is a much more 
rapidly changing function, becoming zero at ratios 
near 30:1. Ratios above 30:1 are generally consid- 
ered nonoverrunning or self locking. 

There are three basic reasons for the good average 
efficiencies of this type of gearing. A gearset of a 
given load capacity has a smaller average pinion 
diameter and, therefore, a larger lead angle than its 
cylindrical wormgear equivalent. And the continu- 
ously shifting line of contact assures well lubricated 
surfaces that tend to decrease frictional losses. A 
third and unique reason is that the frictional force 
is a vector producing a useful torque moment in the 
direction of gear rotation, while in wormgear sets 
this force retards motion, Figure 4. 

The ratio range of Spiroid gears is bounded at 
the low end only by the difficulty of manufactur- 
ing the tapered pinion and the cutting tools. For 
practical reasons, they are not produced in ratios 
much below 10:1. The upper end of the range is 
limited only by size and efficiency requirements of 
the particular application. The 360:1 ratio gearset 
illustrated in Figure 5 has 33 teeth in simultaneous 
full depth contact. A wormgear of this ratio has 
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FIG. 4. Mechanics of tooth engagement 
for Spiroid and worm gearsets. 








correspondingly fine pitch teeth but restricted load 
capacity because only two or three teeth are in simul- 
taneous contact. This type of drive can be employed 
only where reserve power is available because efh- 
ciencies are 25 percent or less at the ultrahigh ratios. 
Applications 

The precision attainable with the new type of 
gearing is evident from its use in the headstock of 
a machine for checking helical broaches. ‘The func- 
tion of the gears was to turn a broach accurately for 
lead measurement. The precision attained in this 
application was +6 sec of arc. Such close control 
was required because the helical lead of the broaches 
was less than one convolution in a 6-ft length. There- 
fore a small angular inaccuracy in positioning the 
broach would result in a large transverse error. 

Spiroid gearset of 216:] ratio replaced four sets 
of spur gears at the output end of a redesigned 
500,000:1 reduction for the Regulus missile. In addi- 
tion to the weight saving, the 20 sec accuracy of the 
output stage permitted the substitution of less accu- 
rate gears in the preceding stages without exceeding 
the cumulative tolerance specified for the entire 
reduction. ‘This same quality of gearing was em- 
ployed in an instrument for checking missile guid- 
ance systems. The accuracy obtained in a 359:] 
ratio gear was +3 sec of arc over a small sector. 

Poor operation of control systems can sometimes 
be traced to lack of smoothness in a gear train. In 
an aerial camera, for example, fluctuations in the 
angular velocity of gears caused a ripple on the film. 
It was possible to produce mated gears with such 
a low angular velocity fluctuation that this error was 
completely eliminated. The double reduction gear- 
ing consisted of an 87:1 primary and a 138:1 sec- 
ondary, or an overall reduction of 12,006:1. At the 
lower end of the ratio range, the feed and table drives 
of the tape-controlled Kearney & Trecker Milwaukee- 
Matic manufacturing machine employ three sets of 
Spiroid gears. These 94:1 ratio sets rotate ball lead- 
screws and transmit 7 hp with a minimum backlash 
variation of less than +0.0015 in. at a 3}-in. radius. 

Spiroid gears can also be employed in minimum 
backlash applications where only motion is trans- 
mitted. An example is a Motorola tuning drive, 
Figure 6, which incorporates a molded nylon gear 
with a small “wavey” spring washer behind the gear. 
This eliminates backlash and compensates for a 
small amount of warpage of the nylon gear and run- 
out in the pinion. In a similar application, the 
gears are assembled tight enough to exclude back- 
lash; run-out is accommodated by deflection in the 
web of the nylon gear. The molded nylon gears and 
chased or rolled pinions are the cheapest way to get 
hand operated, zero backlash gear reduction. 

Certain systems have employed Spiroid gears in 
very high reductions. A Navy test device, for ex- 
ample, includes a 360:1 sector gear set to permit 
movement through precise angles or increments of 
angles quickly and with minimum effort. In a sec- 
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>. 5. Sector gear and pinion in 360:1 speed reduction 


FIG. 6. Nylon right angle gearing employed in Motorola 


tuning drive. provides high ratio in compact space 


FIG. 7. Right angle gearset provides 90:1 reduction in 
one step and accommodates large diameter output shaft. 


ond application a single-step 468:1 gearset turns the 
head on a tape-controlled drilling machine. Here 
excess torque is available and input inertia is much 
greater than load inertia; thus the inefficiency of 
this high reduction is not a problem. Such high 
ratio drives are usually selected on the basis of con- 
venience and cost despite the fact that they have 
a lower machanical efficiency than other ways of 
handling the same reduction. 

A special case is a design calling for a high reduc- 
tion despite limited available power. An example 
is a radar antenna drive, which has the additional 
requirement for a relatively large output gear made 
necessary by the size of the existing antenna drive 
shaft. Figure 7 shows the gearset selected to meet 
these specifications. It consists of a large diameter, 
narrow face gear and a small diameter pinion. The 
efficiency of the 90:1 set is 74 percent. 





You can control heat precisely within a fraction of a 
degree in applications ranging from simple plating tanks to 
4-circuit systems with Fenwal instruments. Easy to install, 
completely dependable, they improve process and product 
at a fraction of the cost of ‘‘complicated’’ controllers! 

Take the three shown below. The Series 17000 THERMO- 
SWITCH® Unit represents a versatile family that covers virtu- 
ally every temperature control situation in fluids and solids. 
Available in thousands of variations! 

The 541 Temperature Indicator Controller installs in 
minutes... sets with a turn of the control knob. Available in 
5 temperature ranges, it provides every detail for your par- 
ticular needs, from tamper-proof control adjustments to 


Money 
isn’t everything 


large, easy-to-read dial! 

And for long, dependable performance, nothing matches 
the 535 Temperature Controller. Thermistor sensor with 
virtually unlimited life feeds into rugged, transistorized 
printed circuit. High precision . . . troublefree operation! 

Send for helpful booklet: Precision Temperature Control in 
Industrial Plants. Write Fenwal Incorporated, 291 Pleasant 
Street, Ashland, Massachusetts. 


... Inexpensive Fenwal 
Temperature Controls 
solve hundreds of temperature control problems 





In the Series 17000 THERMO- 
SWITCH Unit, outer shell is the 
heat sensitive element... re- 
sponds instantly and accurately 
to temperature changes. Avail- 
able for widely different con- 
ditions of pressure, corrosion, 
vibration, and shock. 


The Model 541 Liquid-Filled 
Bulb and Capillary Tube Tem- 
perature Indicator Controller 
has welded steel, splash and 
dust resistant case. All moving 
parts in unit operate in opposi- 
tion . . . compensate for wear 
and keep precision high. 


The Model 535 Temperature 
Controller has no moving parts 
... nothing to wear out. Sensor 
mounts up to hundreds of feet 
from control unit. A compact, 
fast-acting instrument with 
“solid state” components, for 
close control of temperature. 


CONTROLS TEMPERATURE... PRECISELY 
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Simple Digital Servo Programs 


Process Controller Set-Points 


]. F. SHARP, 
Lindars Automation Ltd., England 


Stepping switches are easily pro- 
grammed from punched tape to give a 
digital spatial reference from the re- 
sulting wiper position. But their nor- 
mal unidirectional rotation precludes 
them from general use in positioning 
systems where the approach to the re- 
quired position must be bidirectional. 

Such a requirement exists, for exam- 
ple, in the programming of boiling pan 
temperatures where each temperature 
controller must be set to 50 different 
temperatures between 130 and 180 
deg F for varying time intervals. 
Analog methods to achieve the re- 
quired 1 deg accuracy involve high ac- 
curacy self-balancing servos and sta- 
bilized power supplies. A simple digital 
servo of two 50-position stepping 
switches and 52 diodes is the answer. 


As the system requirements call for 
the slave stepping switch wiper to 
home to the desired position in the 
shortest distance, relative positions of 
the command and slave wipers of the 
stepping switches must provide direc- 
tion-of-rotation information, Figure 1. 

Each contact of the command step- 
ping switch S, is linked to the equiva- 
lent contact on the slave switch S,. 
With the command wiper at posi- 
tion 6 and the slave at position 3, only 
the positive half-cycles of the energiz- 
ing supply are operative. These ener- 
gize relay B to step the slave switch to 
position + where it is again energized, 
stepping the wiper ultimately through 
to position 6. At position 6 the ac volt- 
age applied via the direct connection 
to the command wiper now energizes 
both relays. These in turn energize 
the stop relay C. Counterclockwise 
rotation of the slave wiper towards the 


balance uses the supply negative half- 
cycles to energize relay A. 

Figure 2 shows the tape-controlled 
digital servo as used to program the 
temperature of six boiling pans by 
adjusting individual controller  set- 
points, Tape information first sets the 
address stepping switch to energize 
the appropriate controller and mo- 
torized set-point drive circuits. Further 
tape data rotates the 50-position com- 
mand stepping switch to the required 
set-point. The out-of-balance position 
of the slave wiper energizes a 1/40-hp 
motor coupled to the controller set- 
point shaft, rotating the set-point shaft 
and the wiper of the slave switch in 
discrete steps toward balance. 

Where a preset time period for 
various temperatures is required, the 
tape reader brings a timer into the cir- 
cuit to inhibit the tape advance for 
the required interval. 
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FIG. 1 

Using an ac supply and opposed di- 
odes on direction relays adapts con 
ventional stepping switch to a digital 
self-balancing servo 


FIG, 2. 

Only modifications to apply stepping 
switch servo to program the tempera- 
tures of boiling pans is the addition 
of a motor drive to each controller 
set-point shaft plus pickoffs to rotate 
the 50-position slave switches. All 
other components are standard items 
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MICRO SWITCH 


Precision Switches 











BUSY SWITCH 
without a moving part! 


Honeywell Proximity Switch opens new 
ideas for up-dating machines and methods 





This amazing new switch solves many automation problems that pre- 
viously could not be tackled. It detects metal parts that pass within 
¥" of the sensor—over 600 operations a minute—without ever touch- 
ing them. Perfect answer where rough parts or corrosive atmosphere 
may damage a mechanical switch or where the delicate finish of a 


product might be marred by physical contact. 
Plug-in relay in amplifier cuts downtime. : 
The Honeywell sensor has no moving parts to wear out, need never 


eo eee eeeererrereeercscsssesece be replaced! It has a rugged stainless steel face. The sensing unit is 
sl sealed against cutting oils, filings, humidity, sand and dust, can operate 
PBI submerged if necessary. 
Remotely located amplifier ——e-|] {}]) A Proximity Switch can be your answer to difficult switch problems, 
but be sure it is a product of Honeywell research. Contact the nearby 
MICRO SWITCH branch office and ask for Data Sheet No. 163. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 


Amplifier is separate, may be remotely located. MICRO SWITCH Precision Switches 
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Reaction Controllers 
Maintain Attitude of Space Vehicles 


C. B. SUNG 

B. R. TEITELBAUM, 
Bendix Aviation Corp., 
Research Laboratories Div. 


A cold gas reaction controller has 
been developed for the spatial orien- 
tation control system of satellites and 
high altitude vehicles. The flight con- 
trol of an aircraft is achieved by the 
appropriate actuation of control sur- 
faces while the orientation of high alti- 
tude vehicles can only be controlled by 
the use of reaction controllers or their 
equivalent. So far, the majority of the 
controllers in use are of the on-off 
type. The use of porportional type re- 
action controllers results in. much 
higher performance of the attitude 
control systems of space vehicles. 

The reaction controller discussed 
here produces thrust proportional to a 
de signal by discharging compressed 
nitrogen through a nozzle. Maximum 
thrust capacity is 20 Ib and maximum 
signal power is 4 watt. The controller 
weighs 17.5 oz. 

Emphasis was placed on compact- 
ness and reliability. The use of com- 
pressed nitrogen as the power source 
results in high reliability and mini- 
mizes handling and storage problems. 
On the other hand, the low specific 
impulse of nitrogen and the heavy 
weight of high pressure storage tanks 
call for controllers of extremely low 
quiescent leakage. The low leakage 
requirement tends to increase the 
deadband, which is detrimental in a 
high performance proportional system. 

In the development of the Bendix 
Model F reaction controller, the de- 
sign techniques for high performance 
fluid-power servomechanisms have 
been used extensively. As a result, it 
has met all of the apparently paradoxi- 
cal performance requirements. The 
cold gas system may actually be com- 
petitive weightwise with a hot gas sys- 
tem for missions of certain durations. 
Principle of operation 

The closed-loop system is made up 
of two stages and operates on a torque 
balance principle. It is illustrated 
schematically in the drawing. In the 
pilot stage the torque motor converts 
a signal current to a torque exerted 
on the rocker arm. The pilot flapper, 
mounted rigidly on the same’ shaft 
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Proportional cold gas reaction controller uses variable nozzle 
first stage which controls a diaphragm-operated poppet valve 


as the rocket arm, is then moved 
away from the upstream pilot nozzle. 
As a result, the flow of gas into the 
pilot pressure (P,) region from the 
supply increases, and flow out of the 
region through the downstream pilot 
nozzles decreases. (A seal around the 
rocker arm-flapper shaft restricts all 
flow out of the pilot pressure region 
to that through the downstream pilot 
nozzle.) The effect of the flapper mo- 
tion is to raise the pilot pressure. 

The pressure developed by the pilot 
stage acts on one side of a rubber dia- 
phragm seal to move the power stage 
valve poppet away from the resilient 
seat, opening the power stage valve. 
The spring at the opposite end of the 
poppet is compressed and closes the 
power stage valve when the pilot pres 
sure is reduced. 

A second diaphragm seal, at the end 
of the poppet opposite the pilot pres- 
sure diaphragm, prevents supply pres 
sure gas from escaping. Both dia- 
phragms are sized so that their 
effective areas match the area enclosed 
by the power stage valve sealing circle. 
Thus all forces on the poppet due to 
supply and nozzle pressures P, and P,, 
are essentially balanced out. 

Closed-loop pressure regulation is 
achieved by feeding back to the pilot 
stage the thrust nozzle upstream pres- 
sure. This pressure acts on the dia- 
phragm of the feedback link and re- 
sults in a torque on the pilot stage 
rocker arm in a direction to decrease 
the pilot pressure. In essence, because 
of the high sensitivities of the- pilot 
and power stages, the reaction con- 


troller produces an upstream nozzle 
pressure whose feedback torque is sub- 
stantially equal and opposite to the 
electromagnetic torque produced by 
the signal current. A linear and re- 
peatable thrust vs signal character- 
istic is thereby obtained in spite of 
variations in supply pressure, nonlinear 
diaphragm and valve seal behavior, 
and nonlinear gas flow regimes. 

The moving members of the pilot 
stage are mass balanced to neutralize 
the effects of vibration and accelera- 
tion. Quiescent gas consumption 
through the thrust nozzle is elimi- 
nated by positive sealing of the power 
stage valve against a resilient seat. 
Quiescent gas consumption through 
the pilot stage is minimized by metal- 
to-metal contact between lapped sur- 
faces of the pilot upstream nozzle and 
flapper. The measured upstream leak- 
age is less than 0.0003 Ib per min. 
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CUSTOM 


BUILD 
your own 


Bailey 
Recorder 


These four views of the back of a Bailey Recorder show how four plug-in units may be added as 
needed to meet almost any recorder application. 


The freedom and flexibility of “do-it-yourself” in- 
strumentation is yours in the Bailey Recorder. A 
variety of plug-in units make it possible to record, 
control, and retransmit any variable that can be 
converted to a pneumatic or electric signal. 


The basic plug-in units are the Bailey a-c and d-c 
Electronic Receivers and Pneumatic Receivers. Any 
four of these may be used in one recorder, inter- 
mixed in any way, to provide four continuous 
records on one chart. 


For automatic control, other plug-in units are avail- 


able. 


For square root extraction or linear integration, 
there are two plug-in variations of the Bailey 
Integrator. 


When you want a pneumatic signal that varies 


according to a pre-set pattern plug in a Bailey 
Program Controller. 

Periodic running time of a condition or process is 
recorded on the chart when a Bailey Running Time 
Recorder is used. 


These and other plug-in units are described in 
Product Specification E12-5. Some companies stock 
Bailey Recorder cases and assorted plug-in units. As 
instrumentation and control needs arise they build 
up the kind of recorder-controller required, using 
the proper plug-in units from stock. Unmatched 
versatility such as this means lower instrumentation 
costs. 


For the complete story of how easily you can custom 
build this recorder to your needs, see your Bailey 
Engineer. G43-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD ° 


CLEVELAND 10, OHIO 


in Canada— Bailey Meter Company Limited, Montreal 
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Measuring 
Mega-Ampere 
‘Transient 
Currents 


CLELLAND D. NAIL 
University of California 
Radiation Laboratory (Livermore) 


Large transient currents are of in- 
creasing interest in many areas of 
research. For example, in plasma 
physics research for the eventual pro- 
duction of controlled thermonuclear 
energy, the techniques for heating and 
containing the reaction ingredients 
depend on very high currents and cor- 
respondingly high magnetic fields. In 
extremely high speed photography, 
large current discharges in gas-filled 
tubes produce very intense pulsed- 
light sources of illumination. Since 
these applications represent instan- 
taneous power levels of billions of 
watts, such currents can only be cre- 
ated in a transient manner, usually 
from the discharge of energy accumu- 
lated more slowly in a_ capacitor 
storage bank. Cummings (Reference) 
describes a typical bank with a peak 
power level of over seven times the 
total installed electrical generating 
capacity of the entire United States. 

Discharges from large capacitor 


FIG. 2. 
Development version 
of current detector. 


FIG. 3. 

Sectional view showing 
the internal structure 
of the current detector 
in Figure 2. 
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FIG. 1. Capacitor bank at left products high current transient discharge 
into load circuit at right. Current can be measured as shown by toroidal 
pickup coil inserted in to coaxial line. 


banks into low impedance loads may 
create currents of more than 10° amp. 
Since such systems are necessarily de- 
signed for low inductance and re- 
sistance, it is important that any 
measuring instrument does not ap- 
preciably increase the losses or the 
impedances of the system. 

The main disadvantage in measur- 
ing current with a shunt is lack of 
isolation between the current-carry- 
ing circuit and the measuring circuit. 
For very large discharge currents it 
is very difficult to prevent ground 
loop currents causing large erroneous 
signals to be “seen” by the oscil- 
loscope. In practice, it is possible to 
overcome this disadvantage by 1) 
floating the oscilloscope ground at the 
potential reached by the shunt 
ground or 2) isolating the circuits 
using a carefully designed coupling 
transformer. Both are inconvenient; 
they can be hazardous and introduce 
errors and frequency dependence. 


A fundamentally new solution to 
the problem of current measurement 
that does not suffer from the limita- 
tions of the current shunt is shown 
in Figure 1. This approach makes 
use of the changing magnetic field 
which surrounds a conductor through 
which a changing current is flowing. 

The magnetic field between the 
inner and outer conductors of a co- 
axial cable has the same magnitude 
as the field produced about an iso- 
lated conductor carrying the same 
current. The difference is that the 
isolated conductor produces a mag- 
netic field extending throughout all 
- bag which diminishes directly with 
the distance out, while in a coaxial 
line the field obeys this law only in 
the space between the conductors, 
diminishing rapidly to zero in the 
thickness of the walls of the cable. 
This is very useful to know, since 
the field at any point within the co- 
axial region is predictable from the 





size 5 motor generator—JUST 


Here it is. . . the smallest—and lightest—motor generator combination in the industry today. And 
you can get it with the new Size 5 Gear Train, too. Weighing a mere 1.1 oz., the Size 5 
develops a minimum stall torque of 0.11 oz. in. and has a free speed of 10,000 rpm. Units 
are available for 400 cycle operation with 26 or 33 control phase winding. The control phase 
is split for operation directly with transistor amplifiers. 


Write for complete specifications. And be sure to get all the details on our new synchro line. Daystrom 
Transicoil Division, Worcester, Montgomery County, Pa. Phone: JUno 4-2421. 
In Canada: Daystrom, Ltd., 840 Calendonia Rd., Toronto 18, Ont. 
Foreign: Daystrom International Division, 100 Empire Street, Newark 12, N.J. 


TRANSICOIL DIVISION 


Ca, 
DAYSTROM 
we 
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very simple formulas for isolated con- 
ductors (the law of Biot and Savert). 
By enlarging the coaxial structure 


of a current-carrying transmission line 


it is possible to place a coil in the 
predictable field region. The voltage 
induced in such a coil is the well- 
known Nd¢/dt; that is, it is directly 
related to the number of turns N 
and the time rate of change of flux 
d¢é/dt, which is in turn proportional 
to the time rate of change of current. 
To obtain a voltage signal directly 
proportional to the current rather 
than its rate of change, it is necessary 
to mathematically integrate the coil 
voltage as a function of time. This 
can be done to sufficient accuracy for 
most applications by the simple RC 
network in Figure 1. 
Calibration factor and design 

The calibration factor of a current 
detector is the ratio of amperes flow- 
ing to the signal voltage observed. 
To be useful, this ratio must be con- 
stant during the time of interest and 
independent of the current magni- 
tude. To fulfill the requirement of 
time independence, the simple in- 
tegrator must have a long RC time 
constant (say 10 times the time of 
interest). The second requirement, 
linearity, is achieved by the use of 
nonmagnetic material so that no core 
saturation or other nonlinear ferro 
magnetic properties are encountered 
and by the use of copper conductors 
large enough to prevent heating and 
resistive effects. 

The calibration is expressed by: 

RC 


(= M fe (1) 


where i is the instantaneous value of 
current to be measured in the coaxial 
conductors, and e, is the correspond 
ing signal voltage developed across the 
integrator capacitor C of Figure 1}. 
RC is the time constant of the in- 
tegrator (ohms farads), and M is 


the mutual inductance between the 
coil and the coaxial lifie measured in 
henries. Thus RC/M_ becomes the 
calibration factor for the device. 

The calibration factor RC/M may 
he adjusted to a convenient whole 
order of magnitude like 10° or 10 
(amperes/volt) by selecting the valuc 
of R (or C) for a particular pickup 
coil design. In this way an awkward 
factor such as say 3.29 x 10° may 
be climinated. 

When working with large transient 
currents, it is not uncommon to ex- 
perience noise signals of a few milli- 
volts due to pickup on the trigger 
inputs or the power lines of the 
oscilloscope. The calibration factoi 
of the current detector should give 
a signal of a volt or more to make 
such errors negligible. 

For current detector coils of sim 
ple rectangular shape, the mutual 
inductance M can be calculated quite 
accurately from the dimensions of the 
coil, using the expression 
Null log ” (2) 


2 ri 


M = 


where N turns are wound on the coil 
whose rectangular dimensions are: 

l = length (in meters) 

r, = distance of the near side of the coil 
from the center of the coaxial 
structure. See Figure 3. 

= distance of the other side of the coil 
from the center of the line. See 
Figure 3. 
the permeability of the medium 
(4 * 10-7 henries/meter for non- 
magnetic materials). 
These equations are developed from 
classical fundamentals. 

It is usually most convenient to 
locate the integration network imme- 
diately adjacent to the oscilloscope 
since the output from the integrator 
is of relatively high impedance, un 
suited to drive a transmission line. 
Small coaxial cable may be used be 
tween the coil and the integrator, and 
a terminating resistor for this line 
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FIG. 4. The integrated voltage signal from 
the current detector is proportional to the 
instantaneous current. Initial peak is 7,000 amp 


may be built into the can or housing 
for the integrator, Figure 1, 

A current detector developed for 
experimental work is illustrated in 
Figure 2 with the internal arrange- 
ment shown in Figure 3. This unit 
was designed to slide over RG/17U 
coaxial cable. Lateral movement of the 
conductor from a central position has 
almost no net effect upon the cou- 
pling between the conductor and the 
coil. The coil consists of 10 turns 
and has a mutual inductance of 1.5 
x 10° henries. 

A typical oscillogram obtained with 
this detector is shown in Figure 4. 
This picture was obtained using a 15- 
millisec integrator (15 kilohms x 1 
ufd) and shows a peak current at the 
first maximum of 7,000 amp. The 
calibration factor is 100,000 amp/volt. 


REFERENCE 
DEVELOPMENT OF SWITCHING COM 
PONENTS FOR CONTROLLED FUSION 
RESEARCH, D. B. Cummings, Report 
USRL-5411, University of California Radia- 
tion Laboratory. Published in “IRE Trans- 
actions on Nuclear Science”, Sept. 1959 


Reader-Computer-Plotter Link 
Saves Data Reduction Time 


A Burroughs E101 electronic computer has joined hands 
with an automatic plotter and oscillograph and film record 
readers in a unique data reduction operation. Perforated 
paper tape serves as the tie-in for the highly mechanized set 
up at Hughes Aircraft Co.’s Culver City, Calif., plant. 


Here’s how it works: 


Raw flight test data comes in as an oscillograph record 
which is fed into a special reader, where values of key 
points are recorded on perforated paper tape. The tape is 
then fed into the F101, which beats the data against an 
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appropriate prepinned program. The reduced output data, 
again on perforated paper tape, is taken to another reader, 
which feeds through a converter for output to an auto- 
matic plotter. Besides reduction of flight test data for sys- 
tems evaluation, the busy computer tackles jobs in com- 


puter controls radar, communications, electronic tube 


research, ground systems, and human engineering. 

In pre-E101 days, the data reduction staff used seven 
desk calculators, tried to get an engineer's problem solved 
within a week. Now next-day service is typical. 
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The New 


Ramo-Wooldridge 


Laboratories 


in Canoga Park 
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The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build- 
ings grouped around a central mall, contributes to the 


academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com- 
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 


For specific information on current openings write 
to Mr. D. L, Pyke. 


THE RAMO-WOOLDRIDGE LABORATORIES 


8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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NEW PRODUCTS | 


GERMAN OSCILLOGRAPH ups response. 


Developed by Siemens & Halske AG, West Germany, 
the Oscillomink galvanometer-type oscillograph extends 
the limited frequency response of the pen-recording type 
of instrument. Instead of a pen arm the galvanometer 
drives a low inertia glass nozzle which squirts a liquid jet 
of ink (0.0004-in. diam) onto the recording paper. Since 
this free jet contributes nothing to the moment of inertia 
of the moving system, natural frequency of the system is 
about 650 cps. A compensating circuit in the associated 
amplifier provides a further extension to about 800 cps. 

The instrument’s detecting system resembles that of 
the loop vibrator in a conventional light-beam oscillo- 
graph. In place of the light source and mirror, however, 
the new instrument uses a glass capillary tube and nozzle 
as shown in the sketch to the right. ‘The tube is fixed 
at its lower end so that torsion developed serves as a 
mechanical restoring force. Pressure of the ink may be 
adjusted according to the recording speed. A synchronous 
motor drives the paper feed.—Siemens & Halske AG, Er- 
langen, West Germany. Circle No. 280 on reply card. 


LINEAR STEPPING MOTOR 
provides accurate positioning. 


Photo at right shows the Model B1002 linear position- 
ing motor, a new dc actuator designed to translate simple 
input signals into discrete linear positions. The device 
is magnetically operated but, unlike a solenoid, it will 
hold a 2-Ib force in any one of 27 positions along its 24-in. 
stroke length. For continuous duty it requires 24 watts 
at 115 vde and features a repeatability within 0.003 in 
It may also be operated on an 11 percent intermittent duty 
cycle at 300 vde, in which case it will provide a 6-Ib hold- 
ing force for up to + min.—Tronics Corp., Minneapolis, 


Minn. Circle No. 281 on reply card. 
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Amplifier Galvanometer 

















NEW ENCODER retains last reading. 


Called a Mem-O-Tizer, this new angle encoder houses 
an integral input shaft and from one to three code drums. 
Each drum contains a series of concentric cams profiled 
to provide any of the major data codes. On readout com- 
mand, solenoid-operated fingers sense the drum profiles 
and simultaneously position switches which provide the 
coded output. Fingers retract within 50 msec, but the 
switches retain their position until the next readout. Lost 
motion couplers permit readouts to be made while the 
input shaft is turning at 250 rpm. On typical two-drum 
unit, breakaway torque is only 0.004 oz-in.—Telechrome 
Mfg. Corp., Amityville, N. Y. 

Circle No. 282 on reply card. 
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Electromechanical 
Components and Systems 
Capability 
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AIRESEARCH TEMPERATURE 
CONTROL SYSTEMS 


One of a wide variety of temperature 
control systems developed and pro- 
duced by AiResearch, this magamp 
temperature control system is used 
on the DC-8. It modulates hot jet 
engine bleed air down from 660°F. to 
450°F. for the low pressure pneumatic 
system serving the air conditioning, 
refrigeration and ice protection sub- 
systems. 

AiResearch diversification and 
experience provide full capability in 
the development and production of 
electromechanical equipment and 
avionic controls for aircraft, ground 
handling, ordnance and missile sys- 
tems of all types. 

— 
A.C. and D.C. Motors, Generators and 
Controls * Inverters * Alternators * 
Linear and Rotary Actuators * Power 
Servos * Hoists * Electrical Pyrotechnics 
* Antenna Positioners * Positioning 
Controls * Temperature Controls + 
Sensors * Williamsgrip Connectors * 
Static Converters. 

Your inquiries are invited. 

ww 


THE (-7.\ 1-1 543 CORPORATION 
ss 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


TWO-POUND RECORDER 


Photo above illustrates the compact 
design of a new subminiature, two 
channel magnetic tape recorder. The 
complete instrument occupies less 
than 40 cu in., weighs 2 Ibs, and draws 
only 24 watts from a de source. It 
uses 4-in. coaxially stacked reels which 
hold 900 ft of 4-in. tape. Features 
include tape speeds to 45 ips in 
cither direction, end-of-tape sensing, 
and a frequency response to 160 kc.- 
Precision Instrument Co., San Carlos, 
Calif. 

Circle No. 283 on reply card 


EASILY INSTALLED 


Suitable for both scientific and busi- 
ness data processing, the new RPC- 
4000 general purpose digital comput- 
ing system will soon be available at 
a monthly rental of $1,750 or a total 
sales price of $87,500. ‘This includes 
the computer and standard input-out- 
put equipment. Fully transistorized, 
the system involves no site prepara- 
tion or installation costs. The system 
can operate on 9-digit numbers at 
rates up to 240,000 operations per 
min. Its tapered magnetic drum 
memory rides on a cushion of air, has 
a storage capacity of 8,008 words (32 


useable bits per word), and may be 
charged for full or partial words at a 
sustained rate of nearly 200,000 words 
per min. Complete basic system 
draws less than 10 amps from a stand 
ard 110-volt line and weighs less than 
1,000 Ibs.—Royal McBee Corp., Port 
Chester, N. Y. 

Circle No. 284 on reply card 


INDICATOR-TOTALIZER 


Designed for remote indication of 
both batch and cumulative weights, 
this compact dust-tight instrument 
combines an indicator and single unit 
totalizer. As the indicator pointer ro 
tates, the counter is driven through an 
electric clutch and suitable gearing to 
totalize pounds of material. Depend- 
ing on the capacity and readability de- 
sired, the 6-digit counter can have a 
graduated-units wheel, one or more 
dormant zeros, or a decimal point. It 
completely eliminates the need for 
computations when on-the-spot flow 
checks are required.—Richardson Scale 
Co., Clifton, N. J. 

Circle No. 285 on reply card 


Pale css 


(286) Performance Measurements Co., 
Detroit, Mich. has announced a digi- 
tal torque indicator that integrates 
torque fluctuations to produce a true 
average readout. . . . (287) The Series 
3000 apertured ferrite plate memory 
stacks, a line of miniature magnetic 
storage plug-in modules developed by 
Rese Engineering, Inc., Philadelphia, 
Pa., are designed for use in high speed 
random access memories and serial 
buffers. . . . (288) A new digital re- 
cording system, designed for the auto 
matic testing of vacuum tubes on a 
mass production basis, is available 
from Dates Corp. Monrovia, Calif. 
.. . (289) The Heiland Div. of Minne- 
apolis-Honeywell Regulator Co., Den- 
ver, Colo., has added a 24-channel 
model to its Visicorder line of direct 
recording oscillographs. 
Circle No. 286, 287, 288, 
or 289 on reply card 
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RESEARCH, TEST 
& DEVELOPMENT 


RESISTANCE STANDARDS 


A new series of H. W. Sullivan non 
reactive resistance standards features 
guaranteed accuracy within 0.01 per- 
cent from dc to at least 50 kc, without 
corrections of any kind and without 
reference to calibration certificates. 
Model AC 440, pictured above, covers 
the range of 11,111 ohms in 0.1-ohm 
increments. Other models are avail 
able with from one to five dials, incre- 
ments as small as 0.01 ohm, and ranges 
up to 100,000 ohms.—British Indus- 
tries Corp., Port Washington, N. Y. 

Circle No. 290 on reply card 





RATIO BRIDGE 


Designed for testing 3- or 4-terminal 
networks such as transformers, syn- 
chros, resolvers, gyros, and transduc- 
ers, this new complex ratio bridge 
cancels quadrature effects and gives a 
sharp true null. In-phase ratio accu 
racy is within 0.001 percent. Quadra 
ture voltage ratios are read as rectan- 
gular coordinates, as the tangent of 
the phase angle, or as the phase angl 
in deg. A self-contained phase-sensi- 
tive detector provides excellent sensi- 
tivity with only a 2-volt reference. A 
suitable band-pass filter rejects both 
noise and harmonics. Available fre- 
quency ranges are 30 to 1,000 cps and 
50 to 3,000 cps.—Gertsch Products, 
Inc., Los Angeles, Calif. 

Circle No. 291 on reply card 


JANUARY 1960 


DPDT 


dla mmete)alt-les! 
‘aalialt-\ieia- 
BD] Ory -\ Od ejale) eo) ol-ia- 


QCIONSYV-SN3SAILS 


INI 





LOW COST 


FULL 


ISOLATION 





CIPCLE 159 ON READER SERVICE CARD 


159 





AUTOMATIC 
PULSE -TIMER 


COUNT SELECTOR CAM FOLLOWER 
<INPUT PINION \ ~ 


PINION 
COUNT SELECTOR N 
GEAR 


72:1 72:1 eo 
INDEX CAM an 


DRIVE GEAR- ( ( * 
/ 


STEPPE 


COUNT DIAL INPUT 
SELECTOR 
KNOB—- 








INDICATOR sities 


SM~130 
STEPPER 























2 
“CLUTCH SOLENOID 



































CGEATOR i GROUND -28V. DC 
AMP — 
t {FUSE} POWER +#28V DC 


EXTERNAL START 
; y 4 , }— EXTERNAL RESET 
LS Ls PULSE 


INPUT 
OPERATION KNOB i; 
STOP & RESET-*START 


CSTART, STOP, & RESET) 



































AN3I02ZE-14S-5P 
CONNECTOR 


This Automatic Pulse Timer mounts in a 

standard 3!” mounting. The initial usage Model K-165 

of the Automatic Pulse Timer was for a difficult instrumentation prob- 
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success- 
fully replaced a complex and unreliable method. 

The Automatic Pulse Timer incorporates an~uni-directional’ Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second. 

In this application the combined accuracy of the fuel flow transmitter 
and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate. 


DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc 


Chicago 31, Illinois 
© WEST COAST . . . 1732 W. SLAUSON AVE., LOS ANGELES 47, CALIF. 


7442 West Wilson Avenue @ 
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NEW PRODUCTS 


PARTLY TRANSISTORIZED 


Said to be the smallest ever built, this 
Model 201 digital voltmeter is com- 
pletely electronic in operation, partly 
transistorized, and free of mechanical 
step switches or similar devices. Its 
accuracy is within 1] percent of full 
scale on all de ranges and within 2 
percent on ac ranges for frequencies 
between 50 cps and 600 kc. Features 
include automatic polarity indication 
for de voltages, mercury cell calibra- 
tion, internal print-out connections. 
Priced at $375, the unit weighs 11 Ib 
and measures 64 in. high, 84 in. wide, 
and 8} in. deep—Franklin Electronics, 
Inc., Van Nuys, Calif. 

Circle No. 292 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


FOR REACTOR LOOP 


Designed for use in the primary loop 
of pressurized water nuclear reactors, 
this new pressure transmitter consists 
of a differential transformer whose 
core is positioned by water pressure 
acting on a_ spring-loaded piston. 
Normally a bellows on the stem of this 
piston provides the sealing, but for 
added safety the entire assembly is 
confined within an all-welded stainless 
steel housing. Units are available with 


CONTROL ENGINEERING 





pressure ranges of 0 to 500 psi, 0 to 
1500 psi, and 0 to 2500 psi; either ac 
or de output voltages may be specified. 
For nonnuclear applications, carbon 
steel models are available.—Consoli- 
dated Controls Corp., Bethel, Conn. 


Circle No. 293 on reply card 


SOUND LEVEL PICKUP 


Photo above shows a Model 752 
water-cooled microphone transducer, 
developed for measuring high level 
sounds under severe environmental 
conditions. Statically calibrated, the 
device may be used in remote control 
operations at up to 1,200 ft. or more. 


Characteristics: 


Ambient temperature range: minus 85 
to plus 400 deg F 

Diaphragm temperature range: minus 
250 to plus 2,000 deg F 

Frequency response: 0 to 10,000 cps 
Sound pressure ranges available: 180 
to 228 db 

—Photocon Research Products, Pasa- 
dena, Calif. 


Circle No. 294 on reply card 


VERSATILE ENCODER 


This Decimal Digitizer, a nonambig- 
uous electromechanical shaft position 
encoder, provides straight decimal 
contact output. Features include con- 
tinuous or demand readout, five speeds 
between 10 and 1,000 counts per rev- 
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Typical Control Functions 
solved by AIR CIRCUITRY 





Westinghouse Accessory Devices 
Westinghouse Air Brake Company manufac- 
tures a complete iine of accessory air devices, 
in addition to basic devices that use air only to 
extend or retract cylinder rods. These devices, 
functioning between the primary sender and 
final positioner, control air flow and pressure 
to provide the most complex sequences of 
operation. Their design, however, is not com- 
plex. The few wearing parts, if any, can be 
replaced by any reliable mechanic. 

Westinghouse accessory devices in addition 
to many types of air directional and pressure 
control valves, positioners and piping equip- 
ment makes available to you one source for a 
full line of everything you need to install and 
operate an efficient air circuit. For more infor- 
mation ask for Catalog DO-00-2. 
APPLICATIONS—The illustrated devices in 
conjunction with other air circuit components 
have been used successfully by all types of 
industry. Manufacturing processes, marine 
equipment, drilling operations, construction ma- 
chinery and transportation facilities have all 
enjoyed the benefits of Westinghouse Pneumatic 
Controls. We will be glad to demonstrate how 
you too can benefit. 


What is Air Circuitry? 

This is the Westinghouse term for application 
of pneumatic control systems to industrial 
production operations. Safe, economical, pre- 
cise AIR CIRCUITRY is now being used to 
solve the most rigorous and complex control 
problems in industry. Westinghouse Air Brake 
has pioneered the application and development 
of air control for more than 80 years. Today 
our engineers can design an air circuit which 
will help you boost production and cut costs 
in your plant or shop. 


1. QUICK RELEASE —Re- 

motely operated vent 

valves permit quicker 

operation for release of 

cylinders, clutches, 

brakes, etc. The Quick 

Release Valve provides a 

large exhaust port as close as practical to 
the air volume to be vented instead of back 
through the controlling device. 


2. PRESSURE RELAY— 
Large quantities of air 
are relayed or repeated 
by the Relay Valve at 
pressures correspond- 
ing to the control pres- 
sures applied to them. 
The Relay Valve increases the speed of 
operation and reduces transmission times 
in long control lines. 


3. CIRCUIT 

SEGREGATION — The 

Double Check Vaive 

connects two segre- 

gated lines to a com- 

mon third line and 

still maintains the 

segregation. Air flowing from one line to 
the common line seals off the unused line 
by means of an internal shuttle. Controlling 
a single operation from two or more stations 
is an example. 


4. TIMING—The West- 
inghouse Floreg Valve 
is an adjustable device 
that controls the rate at 
which air can flow in one 
direction through the 
circuit, yet allows free 
flow in the opposite di- 
rection. It is used to time, synchronize or 
co-ordinate the operations of a circuit. 


5. INTERLOCK — To in- 
sure one function is 
performed and condi- 
tions are satisfactory 
before another func- 
tion is initiated, the 
H-5 RELAYAIR® 
Valve may be used. A 
pilot operated, directional contro! vaive 
with various spring settings, this device 
requires a prescribed pressure be present 
in its contro! chamber before it operates. 


See the Yellow Pages under Cylinders for the Name of Your Loca/ Distributor 


| WESTINGHOUSE AIR BRAKE COMPANY 
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CURTISS WRIGHT 


ADVANCED DESIGN 


COMPONENTS 


~ 


New ULTRASONIC DELAY LINES 


Low cost — Small size 


Development engineers can now employ new concepts in existing 
and proposed applications. These Curtiss-Wright delay lines are 
extremely small, hermetically sealed and vibration proof. They 
are ideally suited for use in computers, coders and decoders, tele- 


metering and navigational systems. 


SPECIFICATIONS 


Delay range... .5 to 6000 microseconds 
Tolerance +0.1 microsecond 
Signal to noise ratio. .Greater than 10:1 


DIGITAL MOTORS 
For high reliability applications 


These stepping motors meet 
the requirements of assured 
reliability and long life for 
aircraft, missile and automa- 
tion systems. 


FEATURES 


Dynamically balanced 
Bi-directional © Positive lock 
Simplicity of design 
High pulsing rate 





Input & output impedance. . 50-2000 ohms 
Carrier frequency 
Delay to pulse rise time....Up to 800:1 


TIME DELAY RELAYS 
For high vibration applications 


“H” Series thermal time de- 
lay relays are designed to 
meet the high shock and vi- 
bration conditions of today’s 
military applications. 


FEATURES 


Time delays from 3 to 180 seconds 
Temperature compensated 
Hermetically sealed @ Miniature 


Meets rigid environmental 
specifications 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 


ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION * WEST CALDWELL, N. J. 
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NEW PRODUCTS 


olution, and the direct operation of 
parallel entry printers. Units are avail- 
able with 3-, 4-, 5-, or 6-decade out- 
puts.—Coleman Electronics, Inc., Gar- 
dena, Calif. 


Circle No. 295 on reply card 


CONTROLLERS, 
SWITCHES, & RELAYS 


NEW PROXIMITY SWITCH 


Containing only one moving part, this 
compact proximity switch operates 
without coils, relays, or amplifier. Her- 
metically sealed within its brass hous- 
ing are an Alnico magnet assembly, 
an armature assembly, and one pair 
of spdt contacts rated at 2 amps 
at 125 vac. Capable of operating at 
over 30,000 cycles per min., this switch 
is said to have an operating life ex- 
pectancy equal to that of systems cost- 
ing 24 times as much. Its tempera- 
ture range is from minus 50 to plus 
250 deg. F; repeatability, within 0.002 
in. of set operating point.—General 
Equipment & Mfg. Co., Inc., Louis- 
ville, Kv. 

Circle No. 296 on reply card 


RELIABLE SWITCHING 


The Magneswitch, a brand new 
concept in miniature switches, actually 
consists of two separate hermetically 
sealed elements. One of these, the 
actuator, contains a permanent ceramic 
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magnet and a pair of permeable pole 
pieces that collects and conducts the 
magnetic flux. The other element 
contains a similar pair of pole pieces, 
an armature, and a snap action switch. 
Switching action occurs when the 
pole pieces of both elements are 
aligned. Photo above shows one of 
many possible figurations. Here the 
switch is fixed to a panel mounted 
bracket, and the actuator rotated by 
means of a control knob. For limit 
switching applications, switching can 
be attached to a fixed member and 
the actuater carried by a moving mem- 
ber. No physical contact is required. 
Contact readings of 5, 10, and 15 
amps are available. — Space Compo- 
nents, Inc., Washington, D. C. 
Circle No. 297 on reply card 


RATIO CONTROLLER 


Available in both indicating and re 
cording models, the new 60000 Series 
ratio controller contains two primary 
elements, a control mechanism, and a 
ratio unit which is actuated directly 
by changes in the independent vari 
able. Its ratio unit consists of a link- 
age which varies the control point of 
the dependent variable with changes 
in the independent variable. When 
the desired ratio has been selected, it 
will be maintained by the control ac 
tion.—Mason-Neilan Div., Worthing 
ton Corp., Norwood, Mass. 


Circle No. 298 on reply card 


NEW TIMING RELAY 
I'wo spdt snap switches provide two 
normally open and two normally 
closed timed contacts in this adjust- 
able range pneumatic timing relay. 
Each switch can be separately adjusted 
for a different timing sequence. ‘Tim- 
ing range is adjustable from 0.2 sec. 
to 3 min; repeat accuracy is within 10 
percent. Units are available for either 
ac or de operation.—Square D Co., 
Milwaukee, Wis. 

Circle No. 299 on reply card 
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Interchangeable amplifiers will 
accommodate a wide range of 
transducers. Whatever the level or 
character of the signal, there is an 
preamplifier to handle it. 


PERFORMANCE 

Sensitivity — from 1Ouv per mm and 
Strain measurement as low as 1 micro 
inch per inch per mm. 

Frequency Response — from D.C. to 
200 cps produced through Plug-in 
compensators which provide extended 
frequency response or sharp cut-off. 
Chart Speed — from .05mm to 500mm 
per sec. 


ECONOMY 


@ Low initial cost. 
Model 8205-6 (illustrated) 6 channel 
ink Mag system complete 

@ Low operating cost. 
Compared to other writing systems, 
EPSCO’s operating costs average 
up to 5 times less. 


NO ADDITIONAL EQUIPMENT 
OR ACCESSGRIES ARE NEEDED 
TO MAKE THIS DYNAMIC 
RECORDING SYSTEM COMPLETE. 


30 Day delivery on all EPSCO WORCESTER Recording Systems. 


INSTRUMENTATION FOR INDUSTRY AND MEDICINE 


CPSCON 


207 MAIN STREET WORCESTER 8, MASS. Pleasant 7-8394 
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The GPS Analog Computer is a compressed- 
time-scale computer operating with an inte- 
grator sensitivity of 3000 volts per second per 
volt. Because of its wide band width operation, 
the frequency range of simulation of the GPS 
Computer is several orders wider than that of 


conventional slow-speed computers. 
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*The Defense Systems 
Department of General 
Electric, Syracuse, N. Y. 
selected the GPS Com- 
puter for their communica- 
tion and radar optimiza- 
ation studies. By using 
analog techniques they 
Propose to save consider- 
able time and money by 
combining and compress- 
ing the stages of the de- 
velopment cycle. 


ENGINEERS: A man of talent and ambition can find greater satisfaction in a small 
company. Investigate opportunities available now at GPS in sales, applications and de- 


velopment engineering. 


INSTRUMENT CO., Inc. 


180 NEEDHAM STREET + NEWTON 64, MASSACHUSETTS 
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NEW PRODUCTS 


POWER SUPPLIES 


NEW CONVERTER LINE 


Photo above shows one model from 
a new line of transistorized dc-to-dc 
and dec-to-ac converters designed for 
the direct replacement of dynamotors 
in both military and commercial 
equipment. Units weigh approxi 
mately 4 as much as the dynamotors 
they replace and completely eliminate 
the problem of brush wear. Over full 
load and continuous duty cycles, these 
converters have an operating tempera- 
ture range from minus 55 to plus 85 
deg C.—The Daven Co., Livingston, 
N. J. 

Circle No. 300 on reply card 


NEW BIAS SUPPLY 


Designed for testing IR photo con- 
ductors, this battery-operated ISL 501 
bias supply features extreme low-noise 
capability and linear precision meters. 
The unit may be used with photocon- 
ductors or thermistor voltmeters. 
Availability of a microammeter in con- 
junction with a voltmeter makes it 
possible to measure the resistance of 
a detector under actual operating con- 
ditions. Standard voltage ranges are 
50, 100, and 500 volts; current ranges 
are 25, 100, 250, and 1000 ya.—In- 
frared Standards Lab., Riverside, 
Calif. 

Circle No. 301 on reply card 
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IMPORTANT: Circle key numbers below and mail before April 1, 1960 


10 20 30 50 60 70 80 90 100 110 120 130 140 150 160 170 180 
21 31 16 7 St wi 101 113 121 131 141 151 161 171 181 
22. «(32 62 72 82 92 102 112 122 132 142 152 162 172 182 
23 33 J 63 73 83 93 103 113 123 133 143 153 163 173 183 
24 34 64 74 84 94 104 114 124 134 144 154 164 174 184 
25 35 65 75 85 95 105 115 125 135 145 155 165 175 185 
26 36 66 76 86 9% 106 116 126 136 146 156 166 176 186 
27 37 67 77 87 97 107 117 127 137 147 157 167 177 187 
28 38 68 78 88 98 108 118 128 138 148 158 168 178 188 
29 «(39 , 69 79 89 99 109 119 129 139 149 159 169 179 189 


220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 

211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361 371 381 

212 222 232 242 252 262 272 282 292 302 312 322 332 342 352 362 372 382 

One of these 213 223 233 243 253 263 273 283 293 303 313 323 333 343 353 363 373 383 
214 224 234 244 254 264 274 284 294 304 314 324 334 344 354 364 374 384 
215 225 235 245 255 265 275 285 295 305 315 325 335 345 355 365 375 385 
216 226 236 246 256 266 276 286 296 306 316 326 336 346 356 366 376 386 
P 217 227 237 247 257 267 277 287 297 307 317 327 337 347 357 367 377 387 
post cards will 218 228 238 248 #258 268 278 288 298 308 318 328 338 348 358 368 378 388 
219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 


handy prepaid 


bring you detailed 


| Enter subscription to CONTROL ENGINEERING for one year and bill me for the $5 
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Nome 





Company 


Address 


GET 


Nore Information About 


1. Advertised products 
2. New product items 
3. Catalogs and bulletins 


All advertisements, new products and literature items are numbered for your convenience. 


IMPORTANT: Circle key numbers below and mail before April 1, 1960 


30 40 50 90 100 110 120 130 140 150 160 170 160 190 
31 4) 51 91 107 112 121 131 141 151 161 171 181 

32 42 52 92 102 112 122 132 142 152 162 172 182 

33. 43 53 93 103 113 123 133 143 153 163 173 183 193 
34 44 94 104 114 124 134 144 154 164 174 184 194 
35 45 . 95 105 115 125 135 145 155 165 175 185 195 
36 46 ) 96 106 116 126 136 146 156 166 176 186 196 
37 47 97 107 117 127 137 147 157 167 177 187 197 
38 48 98 108 118 128 138 148 158 168 178 188 198 
39 49 99 109 119 129 139 149 159 169 179 189 199 


HOW TO USE THESE CARDS: 
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Circle this number on one 216 5 296 306 316 326 336 346 356 366 376 386 396 

217 227 297 307 317 327 337 347 357 367 377 387 397 
of the cards 218 238 2 298 308 318 328 338 348 358 368 378 388 398 
209 219 ; 299 309 319 329 339 349 359 369 379 389 399 
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| NEW PRODUCTS 


The BL-N-004 keep-alive supply pic- 
tured above operates from a 28 vde 
source and can supply up to 170 ya 
at 750 vdc. Its output voltage is held 
to within 3 percent for any input 
voltage between 22 and 34 volts. A 
4.7 megohm resistor limits the output 
current. Both input and output ter- 
minals are isolated from the case.— 
Bomac Laboratories, Inc., Beverly, 
Mass. 

Circle No. 302 on reply card 


PLUS ... 


(303) The Superior Electric Co., Bris- 
tol, Conn., has introduced a new elec- 
tromechanical automatic voltage regu- 
lator designed to meet Mil-E-4158 B 
specifications. . . . (304) Two high 
quality, high voltage power supplies, 
using selenium rectifiers and rated at 
0-3 volts, have been announced by 
Kilovolt Corp., Yonkers, N. Y. . . . 
(305) A new line of precision high 
temperature power supplies, developed 
by the Amoux Corp., Los Angeles, 
Calif., features operating temperature 
ranges between minus 55 and plus 120 
deg. C. 
Circle No. 303, 304, or 305 
on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


SOLENOID-ACTUATED 


Suitable for use on steam, air, and 
liquid lines at pressures to 250 psi and 
temperature to 450 deg F., a new line 
of solenoid actuated pressure regulat- 
ing valves offers a combination of on- 
off control and normal pressure regu- 
lation. When the solenoid valve lo- 
cated in the outlet pilot tube is open, 
process fluid operates the main valve as 
a normal pressure regulator. When 
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Let’s look 
at the facts 


When you buy load cells, you want the features 
you need at a reasonable price... and you don’t 
want features you don’t need at an unreasonable 
price. 


To get what you want, you must be able to choose 
standard cells when they are suitable, or to get 
custom-built cells that match your specific re- 
quirements. The Budd Company can serve you in 
both these ways with Tatnall load cells. 


Standard Tatnall cells are becoming increasingly 
available in popular models for most applications. 
Designed and constructed with the skill bred of 
long, specialized experience, they offer you unsur- 
passed standard cell performance and value. 


Tatnall ‘“‘Function-Fitted” load cells are custom- 
built to specific user requirements . . . delivered to 
match user schedules. You specify accuracy, size, 
encaserzcnt, temperature compensation, corrosion 
resistance and other design, construction and per- 
formance factors. You get ample, dependable per- 
formance combined with high economy, because 
you pay only for what you need. 


We invite you to call or write for technical assist- 
ance in selecting and applying Tatnall load cells. 


INSTRUMENTS DIVISION 


P.0.Box 245 + Phoenixville, Pa. 
1515 No. Harlem Ave. 

Oak Park, Ili. 

3050 EB. iith St. 

Los Angeles 23, Calif. 

Merchant's Exchange Bidg. Room 316 
465 California St., San Francisco, Calif. 
In Canada: 

Tatnall Measuring and Nuclear 
Systems, Ltd. 

46 Hollinger Road, Toronto 16, Ont. 


me iD 
GM EM company 
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Better shape factor 
over wider frequency range 


DAVEN’S NEW “EGG CRATE” LC FILTERS 


Center frequency: covers the range 


from 0.4 MC to 60.0 MC de- 


pending upon specific requirements. Center frequency stability: 
*+1.0 KC per MC from -55°C to +105°C. Shape factor: 
BWe0/BWe to 2.1. Shape factors can be modified for optimum 


time delay. 


Daven’s new LC filters are ideal for shaping the pass band 
of AM/FM or FM/FM data link receivers, double or single side 
band receivers and generators, direction finding receivers, com- 
munication and telemetering receivers, and spectrum analyzers. 


Write today for complete, newly-published technical data. 


“DAVEN= 


TODAY, MORE THAN EVER, THE DAVEN 


PORTABLE 

40-POUND 

BENCH- 

MODEL 
106 


Famous 2 or 3- 

dimensional engraver, 

successfully used by thou- 

sands, features 5 positive, ac- 

curate pantograph ratios. Versatile 

ball bearing spindle has three speeds up to 

14,000 rpm; height of pantograph and position 

of cutter are continuously adjustable; one copy 
carrier (supplied) accepts all standard master type sizes. 


The Model 106 has proven incomparable for speed 
and accuracy ... yet reasonably priced. 


Cutter grinders, rotary tables, master letters, 
compound slides, name plates and all 
required accessories. For complete 
information, write to 


GREEN 
INSTRUMENT 
_ COMPANY, INC. 


LIVINGSTON 
NEW JERSEY 


© STANDS FOR DEPENDABILITY 
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ELIMINATE DELAYS! 


Keep the work 
in your own plant 


MODEL D2 HEAVY-DUTY 
2-DIMENSIONAL 


sturdy, precise 


363 PUTNAM AVENUE, CAMBRIDGE 39, MASS. 
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NEW PRODUCTS 





the solenoid valve is closed, however, 
full pressure of the process fluid in the 
inlet pilot tube closes the main valve. 
Sizes are from 4 to 3 in.—OPW Jordan 
Corp., Cincinnati, Ohio. 

Circle No. 306 on reply card 


NEW VALVES OPERATOR 


A brand new valve operator for 
electronic process control applica- 
tions uses an electric motor and 
fully electronic control circuits. Fre- 
quency response, transfer characteris- 
tics, torque, and thrust are equal to 
those of pneumatic operators. Adapt- 
able to a wide variety of valve types, 
the new operator is capable of strok- 
ing speeds up to 4 ips. — Industrial 
Equipment, Inc., Newark, N. J. 
Circle No. 307 on reply card 


ZERO LEAKAGE 


Pneu-Hydro low torque ball valves, for 
operating pressures up to 10,000 psi, 
can be furnished with pneumatic, hy- 
draulic, electric, or manual actuators. 
Pressure operated unit above weighs 
14 Ibs., measures 24 by 44 by 5 in. 
long and has an equivalent orifice of 
+ in. Applications include missile 
ground support equipment and _air- 
borne attitude controls.—Pneu-Hydro 
Valve Corp., Cedar Knolls, N. J. 
Circle No. 308 on reply card 


PLUS. ... 


(309) Vickers Inc., Detroit, Mich. 
announces a new 5- to 25-gpm de- 
celeration valve for hydraulically actu- 
ated machinery. . . . (310) A 12-oz. 
electrohydraulic servovalve, developed 
by Kearfott Co., Inc., Clifton, N. J., 
features titanium construction and a 
rated flow to 7.5 gpm at 3,000 psi pres- 
sure drop. 

Circle No. 309 or 310 0n reply card 
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COMPONENT 
PARTS 


SWITCHING TRANSISTOR 


Designed to meet Signal Corps speci- 
fications, the military-type 2N1120 
switching transistor will readily dissi- 
pate 45 watts at a base temperature 
of 25 deg C. Its maximum collector 
current rating of 10 amps and its col- 
lector-emitter voltage rating of 70 
vde make it well suited for both high 
current and high voltage applications. 
—Bendix Aviation Co., Long Branch, 
N. J. 

Circle No. 311 on reply card 





If you have a stepper prob- 


lem the solution is closer than you 
think. Your nearest distributor listed 
here carries quantities of Guardian 
steppers in stock: continuous rota- 
tion; electrical reset; add and 
subtract; sequence selecting; 
programming and latching 


AVAILABLE 
NOW AT: 


EAST 
Cramer Electronics Inc. 
811 Boylston, Boston 16, Mass. 
Federal Electronics, Inc. 


P.c. 
CONTINUOUS 
ROTATION 


VISCOUS-COUPLED 


Designed for applications requiring 
high velocity and high torque con- 
stants with good stability, a new vis- 
cous-coupled inertial damper consists 
of a fly-wheel floated within a low in- 


ettial shell. Shell is fastened to a 
servomotor shaft as shown in the 
photo above. Viscous fluid between 
fly-wheel and shell provides the damp- 
ing action. Models are available with 
outside diameters of 1.52 and 1.79 in. 
and with 10 time constants ranging 
from 0.02 to 1.20 sec.—Feedback Con- 
trols, Inc., Natick, Mass. 

Circle No. 312 on reply card 


FEA. ... 


(313) Brown Instruments Divy., of 
Minneapolis-Honeywell Regulator Co., 
Philadelphia, Pa., is now marketing a 
new magnetic amplifier designed for 
current-proportioning control instru- 
ments used in heat treating opera- 
tions... . (314) A new line of encap- 
sulated toroidal transformers, devel- 
oped by Barker & Williamson, Inc., 
Bristol, Pa., is said to be well suited 
for use in transistorized power sup- 
plies. (315) Northern Union, 
Inc., Arcadia, Calif., offers a 4-oz. ad- 
justable slip clutch with a torque 
range of from 0 to 100 oz-in. 
Circle No. 313, 314, or 315 
on reply card 
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P.O. Box 208 Binghamton, N.Y. 
Radio Equipment Corp. 

147 Genesee St. Buffalo 3, N.Y. 
Arrow Electronics Inc. 

525 Jericho Turnpike 

Mineola, L. |., New York 
Federated Purchaser 

1021 U. S. Rte. 22 

Mountainside, New Jersey 
Electronic Industrial Sales, Inc. 


2345 Sherman N.W., Wash. 1, D.C. 


Herbach & Rademan Inc. 

1204 Arch, Philadeiphia 7, Pa. 

Cameradio Company 

1121 Penn, Pittsburgh 22, Po. 
SOUTH 

Dalton-Hege Radio Supply Co. 

912 W. 4th, Winston-Salem, N.C. 

Specialty Distributing Co. 


763 Juniper St.N.E., Atlanta 8, Ga. 


Thurow Distributors 

121 S. Water, Tampa, Florida 
MIDWEST 

Pioneer Elect. Supply Co. 

2115 Prospect, Cleveland 15, O. 

Mytronic Company 

2145 Florence, Cincinnati 6, O. 

Radio Specialties Inc. 

456 Charlotte, Detroit, Mich. 

Graham Elect. Supply, Inc. 

122 S. Senate, Indianapolis, Ind. 

Newark Electric Company 

223 W. Madison, Chicago 6, Ill. 

N.W. Radio & Elect. Supply Co. 

52 S. 12th, Minneapolis, Minn. 

Interstate Supply Co. 

4445 Gustine, St. Lovis 16, Mo. 

Burstein-Applebee Company 

1012 McGee St., Kansas City, Mo. 


in addition to Guardian 
relays, switches 
and solenoids. 


SOUTHWEST 
Busacker Elect. Equip. Co. 
1216 W. Clay, Houston 19, Texas 
Contact Electronics 
2403 Farrington Dallas 7, Texas 
Radio, Inc. 
1000 S. Main, Tulsa 19, Okla. 
FAR WEST 
Newark Electric Company 
4747 W. Century Bivd. 
Inglewood, California 
Andrews Hardware 
334 South Main Street 
Los Angeles 13, Calif. 
Pacific Wholesalers Co. 
1850 Mission Street 
San Francisco, Calif. 


CONTINUOUS 
ROTATION 


% 


P.E.R. 
ELECTRICAL RESET 


| 
Ke 
a 


M. E.R. 
ELECTRICAL RESET 


Seattle Radio Supply, Inc. 
2117 Second Ave. 
Seattle 1, Wash. 

CANADA 
A. C. Simmonds & Sons 
100 Merton Street 
Toronto, Ontario, Canada 


. > 


ADD AND SUBTRACT 


ADD AND SUBTRACT 


Write for Stepper Bulletin P-84 
IN STOCK at Your Nearby Guardian Franchised Industrial Distributor « Write for details 


GUARDIANW 


ELECTRIC 


MANUFACTURING COMPANY 
1623-A W. WALNUT STREET, CHICAGO i2 ILLINOIS 
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for every time/delay/relay application 


Here’s what you get with every Agastat time /delay /relay 
e Easy adjustment 

Repeatable accuracy 

Instantaneous recycling 

Unaffected by voltage variations 


Low power consumption 


GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 
to Dept. A35-120. 


rXey-% ELASTIC STOP NUT CORPORATION OF AMERICA 
ON 1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 


CIRCLE 188 ON READER SERVICE CARD 


RESISTANCE tye TEMPERATURE 


DETECTORS __.,|LEWIS 


wou 


excee the 














and other media to 


customer's specifications 


for AIRCRAFT ana MISSILES 
THE LEWIS ENGINEERING CO. Tat eee 
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BULLETINS AND 
CATALOGS 


NOTE: This month’s Bulletins & Cata 
logs section starts with several items for 
which written requests are necessary. Com 
plete addresses. are given for these. For 
any other item, circle appropriate number 
on reader reply card. 


SERVO MANUAL. Superior Mfg. & In 
strument Corp., 154-01 Barclay Avenue, 
Flushing 55, New York. Offered as an 
engineer's handbook and servosystem spec- 
ification guide, this 40-page manual was 
prepared to simplify the design and pro- 
curement of servomechanisms and _ their 
integration into more complex systems 
Contains five technical sections including 
a number of detailed design sheets ar- 
ranged to assist the engineer in precise 
specification of positioning, velocity, o1 
integrating servos and synchro transmis- 
sion systems. Tables of significant rela- 
tionships, conversion factors, and illustra 
tive examples are provided as an aid for de 
termining performance requirements 
FERRITES AND THEIR USES. Kear- 
fott Co., Inc., 1500 Main Ave., Clifton, 
N. J This 20-page technical article, 
prepared by Dr. L. Brady and J. E. 
Zneimer of Kearfott’s Solid State Physics 
Laboratory, covers typical applications of 
ferrites in missiles and advanced electronic 
equipment. Well illustrated and carefully 
referenced, it discusses the use of ferrites 
in microwave devices, motor components, 
electromechanical filters, mechanical fil 
ters, and traveling wave tubes. 
MAGNETIC CLUTCHES. PIC Design 
Corp., 477 Atlantic Ave., East Rockaway, 
L. 1, N. Y. Entitled “Magnetic Clutches 
and their Applications”, this 18-page book 
let provides an interesting discussion on 
the design, operation, and proper use of 
magnetic clutches and clutch _ brakes 
Tables and graphs contain specifications 
and performance data at various operating 
temperatures and voltages. 

(350) WIDTH GAGES. Daystrom, Inc. 
Bulletin 13-203, 4-pp. Details equipment 
and operating principles of a new infra- 
red gage system which measures and re 
cords the width of hot strip traveling at 
speeds up to 2,000 fpm. 

(351) PROCESS DATA SYSTEM. Hagen 
Chemicals & Controls, Inc. Bulletin 
MSP-161, 12 pp. Provides a complete 
description of the Kybernetes Series 2000 
Data System, an all-electronic package de- 
signed to perform logging, monitoring, 
computing, and optimizing contro] oper- 
ations. Includes general specifications 
and a typical system block diagram. 
(352) PRECISION VALVES. Hydra- 
Power Corp. Brochure, 8 pp. Covers a 
wide variety of hydraulic and pneumatic 
control valves designed for missile, air- 
craft, and other airborne applications. 
Photograph accompanies brief description 
of each product. 

(353) ANALOG COMPUTER. Boon- 
shaft & Fuchs, Inc. Bulletin, 4 pp. De- 
scribes a Swiss-made analog computer, the 
AR-2. Covers operation, design features, 
and component characteristics. | Photo- 
graph illustrates all front panel controls. 
(354) ELECTRONIC ACCESSORIES. 
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BURG 


DOES IT WITH 


‘BEAVERS’ 


Burg Tool Mfg. Co., Gardena, 
Cal., uses Beaver Ball Screws 
for obtaining this exceptional 
precision in their low priced, 
tape controlled, turret drilling, 
tapping, boring “Burgmaster 
Electropoint’’ and offer with it 
simplified operation with mini- 
mum maintenance 


Most all important machine 
tool builders use Beaver. Bc!l 
Screws, particularly in® their 
tape controlled models. We 


a offer complete engineering 
| information and assistance 
= 


Qeaver 
Drecision 
{ Droducts | 


i INC. 
a CLAWSON, MICH. 
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Bulletins & Catalogs 


Atlas E-E Corp. Engineering catalog, 56 
pp. Consolidates a number of brochures, 
price lists, and dimension drawings cover- 
ing the company’s complete line of elec- 
tronic accessories. ‘I'ypical sections cover 
fuse and resistor clips, diode clips, tube 
shields, tube holders, inserts, battery 
holders, etc. 

(355) GERMANIUM DIODES. General 
Transistor Corp. Brochure GD-40, 10 pp. 
Features include characteristic forward and 
reverse curves and typical specifications 
for a complete line of germanium gold 
bonded diodes. Drawing illustrates major 
construction details. 

(356) FORMULA CAPSULE. Richard 
son Scale Co. Product Data Sheet 5904, 
2 pp. Describes and lists advantages of 
the company’s new formula capsule, a 
miniature electronic package for control- 
ling up to 24 different materials in auto- 
matic batching operations. 

(357) VOLTAGE RATINGS. General 
Electric Co. Bulletin GEC-1450A, 60 pp. 
Provides useful application and selection 
data on GE’s redesigned dry and liquid 
filled Inductro] voltage regulators for 60- 
and 400-cycle applications. 

(358) FURNACE CONTROLS. Minne- 
apolis-Honeywell Regulator Co. Bulletin 
B43-1C, 40 pp. Complete with prices, 
booklet covers a wide variety of furnace 
and oven controls. Products include 
ElectroniK potentiometers, millivoltmeters, 
thermocouples, Radiamatic detectors, 
thermometers, as well as flame safeguard 
systems, industrial controls, and final con- 
trol elements. 

(359) ANNUNCIATOR SYSTEMS. 
Panellit, Inc. Catalog 100C, 52 pp. Or- 
ganized for quick reference, bulletin is 
said to provide the most comprehensive 
single source of information on annunci- 
ator systems ever published. 

(369) PULSE INSTRUMENT. Electro- 
Pulse, Inc. 1959-60 general catalog, 48 pp. 
Contains complete technical information 
on a broad range of pulse instrumenta- 
tion, including general purpose pulse 
generators, word generators, time delay 
generators and electronic counters. Two 
detailed technical articles deal with fac- 
tors affecting selection and application. 
(361) BREADBOARDING SYSTEM. 
Gap Instrument Corp. Catalog 2, 12 pp. 
points out the advantages of a new servo 
breadboarding system which eliminates 
the need for conventional gear diagrams, 
layouts, and small quantity machining. 
Illustrates both stock components and 
technical assemblies. 

(362) RESISTOR DATA. Reon Re- 
sistor Corp. Engineering catalog, 24 pp. 
Contains strictly technical data on the 
performance characteristics of precision 
wire-wound and composition variable re- 
sistors. Charts and tables should be of 
particular interest to application engineers. 
(363) THERMOCOUPLE CATALOG. 
Leeds & Northrup Co. Catalog EN-S2, 
52 pp. Newly revised bulletin presents 
complete information on a full line of 
thermocouple assemblies, components, and 
accessories. Discusses advantages and 
limitations of various protecting tube and 
well materials. 


BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90° 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead Jo elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 


Drecision 
{ Droducts 


, INC. 
a CLAWSON, MICH. 
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ANY DIAMETER OR TRAVEL 


RAPID START 


NO BACKLASH 


EXTREME ACCURATE POSITIONING 
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ABSTRACTS _ 





TRANSISTORIZED 
° 
CRYSTAL CONTROLLED 


. oo A Japanese development 


SUB-MINIATURE : r ; 
‘ _ From “Four Coil Type Differential 
TIME BASE _— Transformer’ by Tadashi Akiyama 
DC-AC INVERTER | and Yutaka Ino. Journal of the So- 
. F q ciety of Instrument Technology, 

Precision 400 cycle Syn- 


chronous Motor Power ne é ; Japan, pp. 354-358, June 1959. (In 
Supply Provides.Accuracy . * 4 Japanese.) 

~ Dependability —tong 7 

Motes once eey ate k Differential transformers for null 
Noise Filtering Problems ‘ ; ; | 


; ° , balance measurement are said to have 

OUTPUT ACCURACY .025 % - | several disadvantages including ex- 

° Asada tremely poor interchangeability due to 

pone scape wl hg J phase difference between reference sig- 

Output: 110V 400 ~ AC OO aa” nal and measurement signal. The four 

: ip *. coil type differential transformer was 

reas ae are ; developed especially for null balance 

° J measurement and has a third coil to 
Tewporeture Renge act as a reference signal source. 

Busy rai as sie ie tik Slain dies 6 acticin: tlle sachets eesileae Figure 1 shows the basic construc- 

Withstands multitude of applications in the airoorne timing and control feld where only tion of the four coil differential trans- 

be "ge Tein CIMT), a> tadbe- seen Nedeeintaney Ramee anodes Opangn eon a former (FCDT). Four coils are wound 

Viheotton ~ Shock treme environmental capability and maintenance free motor life, (well over 


ee ee ee on a phenol resin or hard ceramic coil 


As designers of precision airborne timing and programming controls to 














militar pecification, Abrams welcomes the opportunity to quote on all 
pr where the TIME BASE may be utilized 


PHOTOGRAMMETRIC INSTRUMENTS 


INTERVALOMETERS © COUNT LIMITERS © RADAR CAMERAS JMSTROMENT Core. 


MINIATURE MAGNETIC COUNTERS 4AMSINE, MICHIEAM, 8.4. 


f 








spool. The primary coil N, wound in 
the center is connected to the exciting 
power supply. Secondary coils N, and 

’, wound at the right and left of N, 
are arranged in reverse polarity and 
connected to the output circuit. A 
tertiary coil, Ns, is connected to the 
balancing voltage slidewire. A ferrite 
core (2) and a core rod (3) are placed 
between the coils and move along the 
coil axis. Within the range where 
proportional relationship between core 
displacement and secondary voltage e. 
is maintained, tertiary voltage e, would 
remain constant. Since variation in 
voltage, frequency, and waveforms af- 
fects either the secondary or tertiary 
output voltage equally, and ambient 
temperature change affects the output 
of either coil as well, compensation of 
these factors can be accomplished by 
forming an automatic null balancing 
network with equal load on each coil, 
as shown in Figure 2. 

When the FCDT is used as a trans- 
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Complete Range Of 
Thermocouple Assemblies 


With T-E'’s thermocouple assemblies you get: (1) choice of an extremely wide 
variety; (2) carefully pre-tested quality; (3) simplified ordering — one code 
number for a complete thermocouple assembly. 


Thermocouples — Wire type from 20 to 6 gage. Ruggedly constructed, 
sensitive in performance. Available with fiberglass or various types of ceramic 
bead insulation. Calibrated in lron-Constantan, Copper-Constantan or Chromel- 
Alumel. 


Connection Heads — Choice of various connection heads —heavy duty, 
lightweight, weatherproof, etc. Available with nipples and unions in a variety 
of sizes and lengths. 





Thermowells — Bar stock or built-up, straight or tapered, with threaded, 
flanged or ground-joint mountings. Available in all commercial materials for 
all applications. 


Write For Thermocouple Catalog Section E-11 


Thermo Electric G.inc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 
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ducer, complete temperature compen- 
sation provided on the transducer it- 
self would suffice. However, when it is 
employed in such applications as a 
pressure gauge or load cell utilizing a 
primary element which measures de- 
formation of elastic material, complete 
temperature compensation for the ele- 


ments including temperature coeffici- 
ent of the elastic material would be 
required. Since the temperature coefhi- 
cient on the modulus of elasticity of 
spring steel is plus 0.025 to 0.035 per- 
cent per deg C, the temperature coeffi- 
cient compensation of the FCDT can 
be established at minus 0.275 percent 
per deg C, keeping the overall temper- 
ature coefficient within plus or minus 
0.0025 percent per deg C. In the cir- 
cuit shown in Figure 3, a fixed resistor 
whose value is m times as large as the 
resistance of the coil is connected 


~] 
| 
Ss 
» 
> R nfo 
—_ 





across the tertiary coil, Assuming that 
the resistance temperature coefhcient 
of the coil is a, the resistance temper- 
ature coefficients of the secondary and 
tertiary coils are a/(1+mn), and 
a/(1+m-+n) respectively. Therefore, 
the temperature coefficient 8 may be 
established so that m and n satisfy: 
6 =a/(l+m-+n) —a/(1 +n) 
Alignment when incorporating 
FCDT into an automatic null balanc- 
ing instrument can be accomplished by 
a span potentiometer adjustment. It is 
not necessary to consider phase rela- 
tionship as in a conventional differen- 
tial transformer. 
Translated and abstracted by 
Kazuto Togino 
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A complete !ine of 


P precision, high performance 
SERIES 200 SINGLE POINTER INDICATOR 


For applications requiring accuracies and res- 


olutions of less than .2% and high speed © Servo Data Conversion 
of response, 


Equipment designed 
to accommodate 
any 

input and output 


requirement. 


SERIES 200 DUAL POINTER INDICATOR 
For high resolution and accuracy application 
where readability and dynamic response are 
important. 


Available as 


SERVO READOUT 
; SYSTEMS ; 
SERIES 300 DIGITAL DISPLAY INDICATOR : 
for highest accuracy and resolution. 


RATIOMETERS 


TEMPERATURE 
MEASURING SYSTEMS 


MILIVOLTMETERS 


SERVO DATA 
CONVERTER 


A TO D SERVO 


| SERIES 400 SERVO REPEATER A CONVERSION SYSTEMS 


For — purpose repeater and 
digitizer applications where visual 
readout is not required. 


Write for complete technical data 
N and application information. 


NORTH ATLANTIC industries, inc. 
608 main street, westbury, n.y.. EDgewood 4-1182 © 


Rog we as. » 5h ar RE 


CIRCLE 173 ON READER SERVICE CARD 








TAURUS 
PUNCHED 
CARD 
SENSORS 


Reads Entire 
Punched Card 
Statically 


Simple Switching Using 
Standard Punched Cards 


Taurus Punched Card Sensors statically 
read entire standard !.B.M. or Remington 
Rand punched cards. 

Each hole position has a corresponding 
closed switch, and each \inpunched hole 
position has a corresponding open 
switch when the Sensor is actuated. 
Used for Automatic Test Equipment and 
other automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. ouront 


Write for FREE Descriptive Literature 


TAURUS Corporation 


8 CORVELL STREET 
LAMBERTVILLE, N.J. 


*nec. 1. OF &. + 
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CUT GAUGE 

CALIBRATION 
TIME 

200-300%! 
This Futurecraft Check-Out Valve enables 
you to do in seconds a job normally requir- 
ing hours! It automatically cuts off regular 
pressure supply to the gauge and simultan- 
eously cuts in calibration pressure for 
required checking of gauge accuracy. Ideal 
for both gas and liquid testing panels—no 
| need to remove gauges. No dead weight 
| testing (and consequent gauge cleaning) 
required when used with Futurecraft “Cali- 
Cart” Calibrator. Simple. Fool-proof. Uses 
sealed quick disconnect coupling between 








calibration source and gauge being tested | 


| —just one quick plug-in operation. 
Write for data sheet giving 
complete details on this 
Futurecraft Calibration System 
Valves available from stock 
DISTRIBUTION 
CORPORATION 


1717 N. Chico Ave. So. El Monte, California 
Representatives in principal cities 
TWX: ELM CAL 9678U + CUmberland 3-2113 
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FREEDOM 


Our inertial guidance systems utilize two-degrees-of-freedom 
gyros. If you would like to do advanced work with these and 
have had at least a year of engineering experience, please 
write Mr. C. T. Petrie, Manager, Research & Engineering Staff. 














Beverly Hills, California 





LITTON INDUSTRIES Electronic Equipments Division 








NEW BOOKS 


Important Text 


DiciraL AND SAMPLED-DATA Con- 
TROL Systems. Julius T. Tou, Pur- 
due University. 631 pp. Published 
by McGraw-Hill Book Co., Inc., 
New York. $15. 


This book was written to provide 
scientists, engineers, and system anal- 
ysts with a comprehensive, well organ- 
ized, and up-to-date account of the 
basic theory and available techniques 
for the analysis and design of digital 
and sampled-data control] systems and 
related problems. Much of the mate- 
tial in this book has previously been 
available only in various technical jour- 
nals or proceedings of conferences. 
This volume is largely the outgrowth 
of a set of lecture notes for a two- 
semester course offered to graduate 
students. An adequate preparation in 
an introductory course on feedback 
control systems and a sound knowledge 
of Laplace transforms and complex 
variable theory is assumed. In prepar- 
ing the text, the author was careful to 
make many of the chapters selfcon- 
tained or partially independent. 

Emphasis is placed on the develop- 
ment of basic theory. Many numer- 
ical examples are worked out in the 
text to clarify the development of the 
theory and to illustrate the discussion 
of the various methods. Approximately 
70 problems of various types and com- 
plexity are included as is a list of 
references which covers the contribu- 
tions of many workers in the field. A 
feature is an extensive table of trans- 
forms and modified transforms. 


Quick Refresher 


MATHEMATICAL ANALYsIS. Edwin 
M. Hemmerling, Bakersfield Col- 
lege. 332 pp. Published by McGraw- 
Hill Book Co., Inc., New York. 
$5.75 


Specifically written for a one-semes- 
ter course given in technical institutes, 
colleges, and junior colleges, this text 
offers a relatively painless way for the 
practicing engineer who may have al- 
lowed his grasp of mathematics to 
fade to pick up the traces again. The 
material provides a survey of the essen- 
tial knowledge and skills necessary for 
successful study of calculus; the text 
begins with fundamental algebraic 
equations and goes through elements 
of differential calculus. Particular at- 
tention is given to those topics and 
concepts which technical and pre- 
engineering students must thoroughly 
understand before they tackle the 
study of calculus. 
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WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
ConTrou ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


Transparent Template for Designing 
Servo Compensators, November 1959, 3 
pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data File 
outlining development of template and 
showing its use through sample problem. . 
75 cents. 

How to Use the Root Locus in Control 
System Design, 12 pp. Another reprint 
that translates theory into practice. Eight 
simple rules make locus construction 


easy, even including the effects of dis- 
tance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how 
to use locus techniques with multi-loop 
systems. 45 cents. 

Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those 
who order alt three parts (I, II, and III) 
of Analysis Instrumentation Series; 17 per- 
cent discount on 112 pages of timely 

Continued on page 176 





Reprint Order Form 





Reprint 


Servo Compensator Template 

How to Use the Root Locus 
Complete Analysis Instrumentation 
Analysis Instrumentation—III 
Analysis Instrumentation—II 
Analysis Instrumentation—I 
Fundamentals of Multivibrators 
Control System Test Equipment 

Ac Adjustable-Speed Drives 

A New Way to Select Control Valves 
Ready Reference Data File—II 
Fundamentals of Tie-Motor Control 
How to Use Phase Plane Techniques 
Economics in Control 


Servo Design Techniques 
Flowmeters 

Applying Control Timers 
Control System Reliability 


Ready Reference Data File—I 
Servo Modulators 

The Uses of Digital Computers 
Basic Data on Process Control 
How to Simulate Dead Time 
Power Amplifiers 

Static Swifelting Devices 


Calculating a Control Index............ 


Point-to-Point Positioning Systems—I, II & III... 


Unit price No. ordered Subtotal 





$0.75 
$0.45 
$1.75 
$0.90 
$0.60 
$0.60 
$0.50 
$0.60 
$0.50 
$0.50 
$0.50 
$0.30 
$0.50 
$0.50 
$0.40 
$0.30 
$0.65 
$0.50 
$0.50 
$0.20 
$1.50 
$0.50 
$0.65 
$3.00 
$0.50 
$0.15 
$0.50 
$0.50 





330 W. 42 St., New York 36, N. Y. 





Reader Service Dept., Conrro: ENGINEERING 
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“DIAMOND H” 
® 





SERIES P 
Relays 


For electronic 
and communications 
applications 


Engineered to pro- 
vide extremely fast 
action with high 
sensitivity, freedom 
from bounce and 
excellent stability, 
“Diamond H” Se- 
ries P Polarized 
Relays give consist- 
ent performance with low distortion. 
| Under some conditions they will han- 
dle over 1,000 pulses per second. 


| Magnetically latched SPDT, with 
|two independent coils, Series P Re- 
| lays are available with various coil re- 
| sistances from 10 to 4,000 ohms each 
coil. Contact ratings will vary with 
switching speeds desired, but range 
| from 60 milliamperes to 2 amperes. 
| Extremely compact, to save space 
|and weight, they fit standard octal 
sockets. Their impact and vibration 
resistance is excellent for relays of 
this type, thanks to extra-rugged 
construction. 

“Diamond H” engineers are pre- 
pared to work out a variation to meet 
your specific requirements. Write or 
phone us your needs. 


“HART 


MANUFACTURING COMPANY 


165 Bartholomew Avenve 
Hartford, Conn. 
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ONE COUNT SWITCHING 


FOR ONE CYCLE SWITCHING 


DIFFERENTIAL COUNTING 


iY elel 1 mPAele) 
Cyclo-Master 


use the new 


Cyclo-Master 


continuous cycling preset counter and controller 


® Counts electric impulses at speeds up to 1000 counts 
per minute 

® Can be preset to any cycle from 1 to 100 counts 

® Recycles without pause or hesitation 

® |deal for automatic control of machines and processes 


WRITE FOR BULLETIN 700 


COUNTER «4 CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD © MILWAUKEE 18, WISCONSIN 
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CONTROL ENGINEERS 


RW-300 COMPUTER SYSTEMS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company is 
seeking electrical or mechanical engineers with training or 
experience in feedback control system analysis, analog 

or digital computers, and instrumentation. Staff members 
at TRW Products work in small teams designing and 
evaluating RW-300 computer control systems for the 
process industries. Experience in the petroleum refining, 
chemical, steel, or electric power industries is particularly 
desirable. Applicants with advanced degrees are 
preferred. Those interested are invited to write: 


Dr. Thomas M. Stout, Process Analysis Department Manager 


THE THOMPSON -RAMO -WOOLDRIDGE 
PRODUCTS COMPANY 


A division of Thompson Ramo Wooldridge Inc. 


202 North Canon Drive - Beverly Hills, California 
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technical information for process control 
engineers. $1.75. 

Analysis Instrumentation—III—Electro- 
chemical Methods, Mass Spectrometry, 
Continuous Viscometers, X-Ray Tech- 
niques, K-Capture, Physical and Chemical 
Property Testers, Emission Spectroscopy, 
48 pp. Reprint includes last nine articles 
of Analysis Instrumentation Series. $.90. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. ‘This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 

Fundamentals of Multivibrators, 12 pp. 
Multivibrators are the electronic equiva- 
lent of the double-throw electromechani- 
cal relay and can perform substantially the 
same functions (memory, logic, gating, 
counting), but at enormously higher speeds. 
They can be built around vacuum tubes, 
transistors, square-loop magnetic materials, 
neon tubes, thyratrons, and cryotrons. This 
reprint covers a broad selection of multivi- 
brator circuits that are especially applicable 
to control systems. 45 cents. 

A Roundup of Control System Test 
Equipment, 24 pp. Specialized control 
system test equipment divides into three 
classes: 1) devices that only generate a test 
signal, 2) systems that both disturb the 
system and provide a means for evaluating 
response, and 3) devices that only evaluate 
control system response. A survey of equip- 
ment and tips on using it. 60 cents. 

Survey of Ac Adjustable-Speed Drive 
Systems, June 1959, 16 pp. Largely re- 
garded as constant-speed devices, multi- 
speed ac actuators actually take many effi- 
cient forms. The recent resurgence of in- 
terest in these ac adjustable-speed systems 
prompted this comprehensive coverage 
of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current couplings. 
50 cents. 

A New Way to Select the Best Control 
Valve, 16 pp. This three-article reprint 
takes a fresh look at the problem of spec- 
ifying process flow control valves. ‘The 
author gives rules for selecting the right 
valve characteristics based on static and dy- 
namic considerations, takes into account 
the influence of piping on valve perform- 
ance, and tackles the problem of sizing 
valves for maximum flow and for contro] 
rangeability. 50 cents. 

Ready Reference Data Files—II, 24 pp. 
Includes the second dozen data files pub- 
lished in Control Engineering. Add it 
to Ready Reference Data Files—I to keep 
your personal file up to date. Topics cov- 
ered range from analyzing hydraulic servos 
graphically to using silicon diodes as pro- 
tective devices. 50 cents. 

Continued on page 177 
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HOW TO SERVICE TODAY'S 
INDUSTRIAL INSTRUMENTS 


quickly and easily 














Now you can_ service, 
maintain, and calibrate 
industrial process instru- 
ments and controls easier 
and faster with the up-to- 
date guidance you'll find 
in this handbook. 


Here are thousands of | 


step-by-step working in- 
structions for servicing 
equipment manufactured 
by over 40 companies. Explained and di- 


agrammed in full, this wealth of engineer- | 


ing data and methods is ready for your 
instant use whenever you want— 





50 major types of modern industrial instruments 


@ easy review of fundamentals of operation, test- 
oo and adjustment 


a. Sones answers to hundreds of every- 
ms likely to arise in the shop or field | 


doy prob 
Just Published 

INDUSTRIAL INSTRUMENT 

SERVICING HANDBOOK 


By GRADY C. CARROLL 


Chief Instrument Engineer, Energy Division, 
Olin Mathieson Chemical Corp., Niagara Falls 


848 pp. 6 x 9, 375 illus. and tables, $16.00 


EASY TERMS: Pay $6.00 in 10 days; $5.00 monthly | 


INDUSTRIAL engineers and technicians will 
find in these expert pages a wealth of en- 
gineering data and methods for servicing 
modern industrial process measuring and 
control instruments. 

This practical handbook will serve you 
as a concise review of the design and op- 


erational principles of many different types | 


of industrial instruments ... a ready 
guide to the most effective methods of 
service, maintenance, and calibration... 
and a handy compilation of tables, graphs, 
photographs, schematic diagrams, and 


other useful working aids you'll constantly | 


refer to. 


Check these 13 big sections . . . 





and repair details for over 





1. 


9 


Pressure-measur- 
ing Instruments 
Differential Pres- 
sure-measuring 
instruments 
Velocity and Volu- 
metric Measuring 
Instruments 


. Liquid-level-meas- 


uring Instruments 


5. Temperature- 


‘ 


measuring 
Instruments 


. Viscosity and 


Specific-gravity 
Instruments 


- PH and Redox 


Measuring 
Instruments 


. Gas Analyzers 
. Control Valves and 


Valve Positioners 


. Speed Measure- 


ment and Control 


. Repairing and 


Calibrating 
Controllers 


. Organization of In- 


strument Depart- 


ment for Processing | 


Plants 


. Thermocouple 


Temperature-milli- 
volt Equivalents 


10 DAYS’ FREE EXAMINATION 


. . 
| McGraw-Hill Book Co., Dept. CON-1 | 
| 


| write McGraw-Hill Int'l, New York 36 


JANUARY 


327 W. 4ist St., New York 36 


Send me Carrol 


I's 
SERVICING HANDBOOK 


INDUSTRIAL INSTRUMENT 
for 10 day’s exami- | 


nation on approval. In 10 days I will (check one) 
send you the full price of $16.00; or 0 $6.00, 
then $5.00 a month until the full price is paid | 
Otherwise I will return the book postpaid. SAVE: 
We pay delivery costs if you remit with this | 


coupon; same return privilege. 


(PRINT) 
Name .... 


Address 


City palit sno >> SDE 


Company 
Position 


For price and terms outside U. S., 


1960 


con-1 | 
‘ 
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Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 cents. 

Applying Phase-Plane Techniques to 
Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 
construct a phase-plane plot, how to in- 
terpret a plot in terms of system. per- 
formance, and how to synthesize nonlinear 
systems using phase-plane techniques. 50 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial facters of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems, 50 cents. 

First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U. S. control engineers representing the 
American Automatic Control Council re- 
ports on the status of automatic control 
in Russia. Each expert gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design Techniques, 32 pp. A re- 
print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-mode servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

What’s Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive dis- 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

—— and Applying Control Timers, 

A compilation of four articles 
iach edie a tabular description of timer 
functional parts, criteria for selecting and 
applying control timers, a tabular listing 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 


RELAYS with 
Golden 
Performance... 


PRINTED 
CIRCUIT TYPE 


OPEN TYPE 


Because each contact face is gold 
flashed you'll never have a corro- 
sion problem with our Series MK 
General Purpose Relays. This 
gives them extended shelf life. 


Furthermore, MK coils, custom 
made in our own plant are the 
finest available and set the stand- 
ard for the industry. 


Each MK Plug-in Relay is punch- 
card inspected and every relay is 
performance tested (150 times) 
before shipment. 


All this means reliability in every 
sense of the word. Write today 
for our new catalog containing 
our complete line of relays. 
Mailed free on request. 
SERIES MK SPECIFICATIONS INCLUDE: 
Up to 3 PDT in all types 
Coil Resistance to 20K ohms/DC 
Temperature ranges 45°C to 84°C (DC) 
45°C to 55°C (AC) 
Color-coded housings for plug-ins. 





ELECTRIC 


LINE ELECTRIC COMPANY 
271 SOUTH 6TH STREET 
NEWARK, NEW JERSEY 

AFFILIATE - INDUSTRIAL TIMER CORPORATION 
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YOU CAN DEPEND UPON PM | 


UNIVERSAL DIGITAL 
TRANSDUCER INDICATOR 
Just ONE model from PM's family of 


null-balance servo type instruments 


UDTI gives direct readout of 
weight, pressure, thrust or torque 
from any bonded or unbonded 
strain gage transducer 


@ Basic indicator accuracy + 0.107% full scale 


@ For use with bridges from 50-2000 ohms 


impedance 
Self-contained calibrator 
control from 0.75 to 5 


Span millivolts / volt 


Internal strain gage power 
volts DC 


supply, 6 


F.0.8. Dero $1550 


Remote digital indicator 








Strain gage 
transducer 


Tongue 


SAMPLE APPLICATION 
bar dynamometer readings are 
with the UDTI-2 


may be either a standard pickup for measur- 


Strain gage draw 
simplified 


Strain gage arrangement 


ing tension or a pair of strain gages bonded 
to the tongue of the towed vehicle 


Other PM instruments can measure 

LOAD « THRUST *« TORQUE «© FLOW 
WEIGHT * TEMPERATURE «DISPLACEMENT 
VOLTAGE © PRESSURE with the highest 
accuracy attainable in industrial and lab 
oratory applications 


PERFORMANCE MEASUREMENTS 
COMPANY 


15301 W. McNichols, Detroit, Michigan 
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MEETINGS 


JANUARY 

Sixth National Symposium on Relia- 
bility and Quality Control, spon- 
sored by IRE, AIEE, ASQC, and 
EIA, Statler Hilton Hotel, Wash- 
ington, D. C. Jan. 11-13 

Operations Research Short Course, 
Case Institute of Technology Cam- 
pus, Cleveland, Ohio Jan. 18-29 

Stress Measurement Methods Sympo- 
sium, sponsored by Strain Gage 
Readings (journal), Arizona State 
Univ., Temple, Ariz. Jan. 25-29 

American Institute of Electrical Engi- 
neers, Winter General Meeting, 
New York City Jan. 31-Feb. 5 


FEBRUARY 


Instrument Society of America, Instru- 
ment-Automation Conference and 
Exhibit, Houston Coliseum, Hous- 
ton, Tex. Feb. 1-5 

Institute of Radio Engineers, Winter 
Convention on Military Electronics, 
Ambassador Hotel, Los Angeles, 
Calif. Feb. 3-5 

Seventh Annual Solid-State Circuits 
Conference, sponsored by IRE, 
AIEE, University of Pennsylvania, 


Philadelphia, Pa. Feb. 10-12 
MARCH 


American Society of Mechanical Engi- 
neers, Hydraulic Division Confer- 
ence (held jointly with Gas Turbine 
Power Conference), Rice Hotel, 
Houston, ‘Tex. March 6-9 

Instrument Society of America, Tem- 
perature Measurement Symposium, 
Deshler Hilton Hotel, Columbus, 
Ohio March 9-11 

Institute of Radio Engineers, National 
Convention, Coliseum and Wal- 
dorf-Astoria Hotel, New York City 

March 21-24 

22nd Annual American Power Con- 
ference, sponsored by Illinois Insti- 
tute of Technology, Hotel Sherman, 
Chicago, II]. March 29-31 


APRIL 


Sixth Nuclear Congress, sponsored by 
ISA and Engineers Joint Council, 
New York City April 3-8 

Third National Chemical and Petro- 
leum Instrumentation Symposium, 
Rochester, N. Y. April 5-7 

Conference on Automatic Techniques, 
sponsored by IRE, AIEE, ASME, 
Sheraton Cleveland Hotel, Cleve- 
land, Ohio April 18-19 

Institute of Radio Engineers, South- 
west Regional Conference and 
Electronics Show, Shamrock-Hilton 
Hotel, Houston, Tex. April 20-22 

Texas A&M Symposium on Instru- 
mentation, Campus, Bryan, Tex. 


April 20-22 
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by 
SOUTH BEND 
he 


needs immediately 


ANALOG COMPUTER 
ENGINEER 


B S Mechanical Engineer, Aero 
Engineer, Physics M pre- 
ferred. At least three years of 
experience in the use of analog 
computers for studying dynamic 
problems. Applications are in 
the field of aircraft and missile 
propulsion control systems, dy- 
namics of landing gear systems, 
hydraulic and pneumatic devices 
and heat transfer. 
The computer facilities include 
a repetitive analog, a precision 
real time analog and digital 
computers. 
Salary commensurate with ex- 
perience. Comprehensive benefit 
program is offered including; 
moving and transportation al- 
lowances, group insurance, vaca- 
tions, and tuition assistance for 
advanced degrees at the Univer- 
sity of Notre Dame. 
Call or write immediately to: 

John M. Evans 

Administrative Engineering 








Bendix Products Division 
401 North Bendix Drive 
South Bend, Indiana 








TOP-PAYING JOB 


LONG RANGE RESEARCH 
PROGRAM ON 
SELF-ADAPTING 

CONTROLS 


Ph. D. with experience 
in the fields of 


Feedback Control Systems 
Automata 
Information Processing 


Send resume to 


Dr. Coleman Donaldson 
or 
Dr. William H. Surber 


Aeronautical Research 
Associates of Princeton, Inc. 


50 Washington Road 
Princeton, N. J. 
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-EMPLOYMENT OPPORTUNITIES 


DISPLAYED ——— RATES —— UNDISPLAYED 
Th advertising rate is $23.80 per inch $2.10 per line, minimum 3 lines. To figure 
for all pnoe tn appearing on other payment count S&S average words as a 
a a R... vbasis. Tract rates line. Box Numbers—counts as 1 line 
uo! Position Wanted ads, 1 of above rate. 
an’ dverti “ques i nd " 
A. ly ising a nent Bi ge Bog ‘So Discount of 10% if & payment ts made 
inches to a page in advance for 4 secutive insertions 
bject to Agency Commission, Not subject to Rectiesons Commtosien, 





Send NEW ADS and taapietene to Classified Advertising Division of Contro! Engineering, 330 W. 42nd St., N.Y. 36, N.Y. 











engineers ...scientists 
stretch your imagination 


..at Beckman Instruments, last refuge of the Non-Organization Man. 
Here’s a company that is concerned with the man, his mind and his 
original contributions. 


Commercial, industrial and military projects tickle the fancy of uncon- 
strained intellects at these Beckman Divisions: 


@ Scientific and Process Instruments Division 
Beckman'’'e Systems Division 
@ Helipot Division of Beckman Instruments, Inc. 


Don’t get crushed in the Organization Mill...look into these imagi- 
nation stretching positions... 


ENGINEERS/SCIENTISTS... 

at all levels in the fields of precision electronic components and ana- 
lytical instrumentation for engineers and scientists with degrees in 
engineering or physical science. Some of our specific needs include 
project engineers, senior scientists or engineers, product engineers 
and senior electronic engineers. We also have openings for exceptional 
recent graduates. 

And you can stretch your legs in Orange County, too, where you and 
your family will enjoy Southern California living at its barbecuing 
best. 


Overcome your own organizational inertia...phone, wire or write 
Mr. T. P. Williams for all the parameters. 


Beckman: Instruments, Inc. Fullerton, California © 1960 
Telephone TRojan 1-4848; from Los Angeles OWen 7-1771 B.1.1. 








INSTRUMENTATION ENGINEERS 


PRODUCTION - DEVELOPMENT - RESEARCH 


The development and application of instrumentation and automation techniques to 
production, development, and research programs in Nuclear Energy Installations. 


Engineering graduates with experience in electronic or pneumatic process control instru- 
mentation required. Knowledge of data acquisition, system analysis, analytical instruments 
and measurement standards also desirable. 


Exceptional opportunities, competitive salaries, modern and unique facilities, liberal 
benefit plans, educational and training programs, plant interview and family moving 
expenses, moderate climate, year around outdoor recreational activities, low cost living, 
available housing. 


OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE Y-12 PLANT 
GASEOUS DIFFUSION PLANTS, 


Oak Ridge, Tennessee, and Paducah, Kentucky 
Send your resume to: 


UNION CARBIDE NUCLEAR COMPANY 


Central Technical Personnel Office, P. O. Box M, Oak Ridge, Tennessee 
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CONTROL 
APPLICATION 
ENGINEER 


for unusual opportunity with 
outstanding growth company 


We need a capable control 
application engineer with imagi- 
nation to generate practical ideas 
for industrial electronic control 
devices. Prefer a B.S. in Electrical 
Engineering. Must be capable of 
dealing with high level customer 
contacts. This is a key position 
of tremendous importance in our 
Research and Development 
Department. 


Emerson Electric is a dynamic, 
highly successful growth com- 
pany. Expansion continues rapidly 
and surely in the fields of elec- 
tronics, electric motors, appli- 
ances and home builder products. 
Gross sales of 91 million dollars 
annually (40 million five years 
ago) are expected to double in 
the next five or six years. 


Excellent salary is augmented 
by a liberal employee benefits 
program, fine working conditions 
and a stimulating, progressive 
atmosphere. Beautiful St. Louis 
County residential areas surround 
our convenient suburban loca- 
tion. All moving expenses paid 
by the company. 


Send comprehensive resume, 
including salary requirements 
and inexpensive photo, to R. L. 
Middleton. All replies strictly 


. confidential. 


ELECTRONICS & AVIONICS 
DIVISION 


EMERSON 
ELECTRIC 


8100 W. FLORISSANT 
ST. LOUIS 36, MO. 





EMPLOYMENT OPPORTUNITIES 








engineers 


. and 


sctentists 


LEEDS & NORTHRUP Co. 


. as a result of continued growth now has openings for college 
graduates at the Bachelor, Master’s and Doctoral level. Electrical, 
chemical, nuclear or physics degrees preferred. 


you enjoy doing creative work at a truly professional 
level and have 2 to 10 years’ experience in: 


M MEASUREMENT & CONTROL 
OF INDUSTRIAL PROCESSES 


DATA PROCESSING 

ELECTRIC & STEAM POWER 
NUCLEAR REACTORS 
SERVOMECHANISMS 

ANALYTICAL INSTRUMENTATION 
TECHNICAL WRITING 

ANALOG & DIGITAL COMPUTERS 
SOLID STATE ELECTRONICS 


We would like to talk to YOU about openings in: 


e Research & 
Development 


e Product 
Engineering 


e Sales e Application 
Engineering Engineering 


Send Your Resume To 


MR. WAYNE L. BESSELMAN 


Coordinator Of Technical Employment 


LEEDS & NORTHRUP CO. 


4850 Stenton Ave. ° Philadelphia 44, Pa. 


OPPORTUNITIES 
FOR THE YOUNG ENGINEER 
IN THE 
INSTRUMENTATION FIELD 


Opportunity for young men with 1 to 4 years 
experience in a plant instrument department. 


Assume systems engineering responsibilities 
working on all types of plants—chemical, 
refinery, pulp and paper, beverage, steel, 
power, etc. Follow projects through the feasi- 
bility study, flow sheet stage, design and 
specification, procurement and _ installation. 


Work with an engineering staff that is con- 
stantly exploring new instrumentation con- 
cepts in the process and power field. Associate 
with a staff of instrument and control engi- 
neers, and data handling and computing 
experts. 


We offer top salaries, suburban Chicago loca- 
tion, recognition of your achievements and 
other benefits. For interview send resume to 
Mr. W. A. Wecker, Personnel Director. 


PANELLIT SERVICE CORPORATION 


7401 N. Hamlin Avenue 
Skokie, Illinois 








ASSISTANT CHIEF ENGINEER 


Fractional HP Motors Exp. Design & Dev. of Small 
Motors, Servos, Taco—Meters and Other Precision 
Electro Mechanical Devices for Military and Com- 
mercial Use. Leading to Position of _o Eeet- 
—. * Fast Expanding Concern. $12,000 to Start. 


MONARCH PERSONNEL 











28 E. Jackson Bivd. Chicago, Ill. 





SELLING OPPORTUNITY WANTED 


British manufacturing company will act as 
agents or distributors of electrical timing and 
control equipment in England. Forward cata- 
logues with price lists. Equipment and Serv- 
ices Limited, Harlow, Essex, England. 


baroswitch 
development 
engineer 


Graduate mechanical engineer 
with 5 to 7 years’ product design 
experience in the field of small 
mechanical or electro-mechanical 
devices. Minimum 3 years’ experi- 
ence in field of barometric switches. 
Will independently direct a baro- 
switch development program. 


Please write F. W. Miller, Dept. 225, 
Honeywell, 2753 Fourth Ave. So., Mpls. 


Honeywell 
Feud ia. Coutiols 





10 COMPONENT ENGINEERS 
SALARY $14,000 PER YEAR 


A leading prime contractor in electronics needs 
component engineers for electrical—electronic and 
mechanical devices such as transformers, tubes, 
gear trains, servo and synchro mechanisms. Com- 
pany client will assume all employment expense. 


ESQUIRE PERSONNEL INC. 
202 South State St., Chicago 4, Ill. 











CONTROL ENGINEERING 





EMPLOYMENT OPPORTUNITIES 


CAREER 
OPPORTUNITIES 
AT Tl 


DEVELOPMENT be 























q 
- 
= 

at 

blissss 





your future: a challenging opportunity with an industry leader 


At Texas Instruments, your future is filled with specific, stimulating growth 
assignments in evaluating and characterizing transistors and special semi- 
conductor devices. You’ll participate in such transistorization projects as: 

AM, FM, and TY receivers 

audio and video, i-f and r-f amplifiers 

hi-fi and electronic organs 

nonlinear and switching circuits 

computer system liogic 

servo and power am~pliftiers 


With TI... receive liberal company-paid benefits, including profit sharing 
(over last several years, an average of more than 12% of base salary)... 
enjoy premium living in a moderate climate with excellent neighborhoods, 
schools and shopping facilities... work in a plant selected as one of the 10 
outstanding U. S. industrial buildings of 1958. 


Interviews will be held in your area soon. If you have an Electrical Engineer- 
ing degree and/or knowledge of transistor circuitry, please send a resume to 


immediate C. A. Besio, Dept. 200-CE 


Eastern 
appointment, 


voc’ | = TEXAS aria INSTRUMENTS 
7 





Dept. 200-E-CE NCORPORATEO 


1141 E. Jersey St. SEMICONDUCTOR - COMPONENTS DIVISION 
L Elizabeth, N. J. H POST OFFICE BOX 312 « DALLAS, TEXAS 


JANUARY 19690 
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‘i MPORTANT 


Uses include such equipment as aircraft instru- 
ment panels, shipboard control centers, ground 
control equipment in either fixed or mobile 
installations, industrial process control centers, 
electronic test instruments and computers. 


Twelve important controls to meet your design 
problems provide a new standard in reliability 
of operation. 


TP SERIES — Types TP05, TPO9, TPI1, TP13, 
TP17 and TP20, in 6 sizes from 2" to 2” diameter. 
Each is a single-turn, high torque, rotary, wire- 
wound pot, engineered for peak performance under 
severe environmental conditions. Threaded bushings, 
precision register, mounting nut, lock washer and 
locating pin permit exact positioning for precise control. 
Available with non-linear functions, including complete 
series of sine-cosine functions. Accurate, dependable, 
long-life performance. 


MTF SERIES — Types M3TF, M5TF and 
MIOTF. Housed in corrosion resistant box- 
like enclosures, all have a lead screw 
shaft arrangement for driving the wiper 
transversely from end to end of the resistance 
element. Encapsulated metallic film resist- 
ance element provides infinite resolution, 3, 
5 or 10 turns (1080°, 1800°, 3600°) of 
rotation for accurate setting. Threaded bush- ‘ 
ing, with concentric locking device supplied . 
to provide simple panel mounting knob r precise setting 


for precise manual control. 


P SERIES — Types P1%4, P15% and P3 with 
numerals designating diameters. Especially 
designed for low cost commercial applications. 
These rotary type pots feature low induct- 
ance and capacitance. Available in linear 

or nonlinear functions, single or ganged 
assemblies. 


Get this new TIC cata- 
log with complete details 
on the most complete 
l.ne of precision potenti- 
ometers by calling, 


gw wiing, 


Subsidiaries 


hnology Instrument 


TECHNOLOGY INSTRUMENT CORPORATION 
523 MAIN STREET, ACTON, MASS. 


Tucson Instrument Corp., 
t 
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A New Era 
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Bulletin 700, 
Type B-220A, 
AC Control 
Relay with 

2 N.O. and 


2 N.C. contacts. 








Bulletin 700, 
Type BX-440A, 
AC Control 
Relay can be 
wired for 
normally open 
or normally 
closed contacts, 


NEW ALLEN-BRADLEY BULLETIN 700 RELAYS 





Improved features set new performance standards 


For years, Allen-Bradley Bulletin 700 Type B 
and Type BX relays have been preferred for 
their long life and trouble free operation. The 
improvements in the new Bulletin 700 Type B 
and Type BX relays will set new performance 
standards wherever they are used. Naturally 
they use the famous A-B double break, silver 
alloy contacts which always remain in perfect 
operating condition without cleaning or filing. 
The cast coil cannot be damaged by the sever- 
est atmospheric conditions. 


These new Allen-Bradley Bulletin 700 Type B 
and Type BX relays offer even greater value 
and greater reliability than ever before—but 
the price has not been changed. 


®@ New mechanical design gives at least 5 times 
greater operating life. 


® New contact motion provides 10 times greater 
electrical reliability. 


* Complete interchangeability—mounting 
dimensions are unchanged. 


® New hermetically sealed plastic coil fits 
Bulletin 700 relays presently in use. 


* New, stronger, movable contact crossbar— 
also fits old relays. 


@ New reinforced stationary contact blocks— 
interchangeable with previous design. 
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